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CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to U.S. Provisional Applications Serial No. 
60/174,669 filed January 6, 2000 and 60/219,912 filed July 21, 2000, and claims the 
benefit of priority thereto. 

FIELD OF THE INVENTION 
The invention relates to the design, preparation, and use of patatin and 
structurally related proteins which have insect inhibitory properties and which display 
a requirement for catalysis structured around an active site catalytic dyad. Patatin and 
related proteins include amino acid sequence variants which maintain the active site 
catalytic dyad motif and which maintain insect inhibitory properties no less than the 
native protein, and include permuteins which have had their amino acid sequences 
rearranged at at least one breakpoint. 

BACKGROUND OF THE INVENTION 
The use of natural products, including proteins, is a well known method of 
controlling many insect, fungal, viral, bacterial, and nematode pathogens. For 
example, Endotoxin proteins of Bacillus thuringiensis (B.t.) are used to control both 
lepidopteran and coleopteran insect pests. Genes producing these proteins have been 
introduced into and expressed by various plants, including cotton, tobacco, com, 
wheat, rice, potato, and tomato, a number of different varieties of forage and turf 
grasses, ornamental flowers, and other fruit and vegetable crops. There are, however, 
several economically important insect pests that are not particularly susceptible to B.t. 
endotoxins. Examples of such important pests are the boll weevil (BWV), 
Anthonomus grandis, and com rootworm (CRW), Diabrotica spp. In addition, 
having other, different gene products which do not function like Bt proteins for 
control of insects which are susceptible to B.t. endotoxins is important, if not vital, for 
effective and long term resistance management practices. 

Recently, alternative species of bacteria have been identified which are capable 
of producing proteins displaying insect inhibitory effects. Photorhabdus and 
Xenorhabdus comprise broad genus" of bacteria which occupy the gut of 
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e „,omopa<hogenic nematode,, upon invasion of ft. insect body by .be nematode, the 
entomopathogenic baeteria axe released from the got of the nematode into the insee. 
haemolymph where they proliferate, inhibit further development of the insee,, and 
produce a nutrient enriched monoculture designed specifically for symbiotic nematode 
and bacterial survival. A variety of extracellular proteins are produced by these 
bacteria, symbionts, each insect inhibitory protein having distinct insect genus and 
species specificity, each protein likely being sTocturally and probably functionary 
different from BT ICPs. (Ensign e, al„ Insecticidal Protein Toxins from 
PHo,orkabdus. WO 97/17432; Jarre., e, al., Pesticidal Agen. S , WO 98/08388; 
Ffrench-Constant e. al.. Novel insecticidal Toxins from Nematode-Symbtotic 
Bacteria, Cellular and Molecular Life Sciences S7;828-833, May 2000). 

Plan, proteins have also been identified which exhibit insect inhibitory effecls. 
One such protein is patarin, a non-specific lipid acy. hydrolase, which is .he major 
storage protein of potam rubers (Gaillaird, T., Biocnen,. J. 121; 379-390, 1971; 
Racusen, D., Can. J. Bo,.. 62; 1640-1644, 1984; Andrews, D.L., « al. Biochem. J.. 
252- 199-206, 1988). Patatin has been shown to control various insects, tncludmg 
western rootworm (WCRW. Diabronca virigifera), soumem com rootworm (SCRW, 
Diabrcica undecimpuncata). and boll weevil (BWV, An.Honon.us grandis) (U.S. 
Paten. No. 5,743,477, issued April 28, 1998). Pa.a<in related protein sequences have 
been identified in a variety of plant species. When applied a. an appropriate level ,n 
artificial die,, potato patiuin is lemal ,o some larvae and will sum, ,he grow* of 
survivors so ma, mautration is prevented or severely delayed, resulting in no 
reproduction. These proteins display non-specific lipid acyl hydrolase ac,m,y. 
Studies have shown «ha, me enxyme active is essential fo, its insee, inmbt.ory 
, active (Stiickland, J.A., e, al. Plan, PHysiol. 109; 667-674, .995). Pa,a<ins may be 
applied directiy ,0 the plants or introduced in o.her ways well known in .he art, such 
as through me application of plan,-colontaing microorganisms, which have been 
transformed to produce the enzymes, or by me plan* ftemselves after similar 
transformation. 

in potato, the pa.a,ins are found predominantly in timers, bu, also a. much 
lo „er levels in other plan, organs (Hofgen, R. and Willmi^er, L.. Plan, Science. 66; 
221 230 1990). Genes ma, encode patittins have been previously isolated by 
Mignety', O.A., e, al. (Nucleic Adas Research 12; 7987-8000, 1984; Mignety, G.A., 



et al, Gene, 62: 27-44, 1988; Stiekema, et al, Plant Mol. Biol, 11: 255-269, 1988) 
and others. Patatins are found in other plants, particularly solanaceous species (Ganal, 
et al, Mol Gen. Genetics, 225: 501-509, 1991; Vancanneyt, et al, Plant Cell, 1: 533- 
540, 1989) and recently Zea mays (Patent number WO 96/37615). Rosahl, et al 
5 (EMBO J., 6: 1155-1159, 1987) transferred a patatin coding sequence into tobacco 
plants, and observed expression of patatin, demonstrating that patatin can be 
heterologously expressed by plants. Modification of coding sequences has been 
demonstrated to improve expression of other insect inhibitory protein genes such as 
the o-endotoxin sequences from Bacillus thuringiensis (Fischhoff and Perlak; WO 
10 93/07278). However, expression of a native plant species sequence encoding a 
protein exhibiting insect inhibitory properties in a plant at levels not previously 
observed in nature would be particularly advantageous. Such sequences would not 
require coding sequence modifications found to be necessary to achieve substantial 
levels of insect protection as have been required for sequences encoding Bt proteins 
15 for example. 

As indicated above, plant non-specific lipid acyl hydrolases have been 
identified from a variety of plant sources including potato tubers. Speculation on the 
role of the enzyme has been centered on their involvement in the turnover of 
membrane lipids, however one report identified an serine residue required for 
20 hydrolase activity and conserved sequence flanking the residue in potato patatin based 
on inactivation of the enzyme acyl lipid hydrolase activity when treated with 
diisopropyl fluorophosphate and an amino acid sequence alignment with a patatin 
isoform (Walsh et al., US Patent No. 5,743,477; April 28, 1998). Based on the amino 
acid sequence of potato patatin, Walsh et al. proposed that Ser-77 in the hydrolase 
25 motif, Gly-X-Ser-X-Gly is the catalytic residue required for enzyme function as well 
as insect inhibitory activity. 

The inventors herein have identified a patatin isozyme designated Pat 17, and 
used alanine scanning mutagenesis and X-ray crystallography to solve the structure of 
the patatin enzyme and to identify additional residues responsible for both catalytic 
30 activity and insect inhibitory bioactivity. 

Novel proteins generated by the method of sequence transposition resembles 
that of naturally occurring pairs of proteins that are related by linear reorganization of 
their amino acid sequences (Cunningham, et al. Proc. Natl Sci., U.S.A., 76: 3218- 
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3222 .979; Teadrer, e, al, /. Bacterid, 172: 3837-384!, 1990; Schtauning, m al, 
Eur ) Biochem.. 204: 13-19, 1992; Yanuuchi. e, al, FEBS Lot., 260: 127-130, 1991; 
MacGregor, e, al, FEBS. Len., 378: 263-266, 1996). The firs. In vim, apphcarion of 
sequence rearranged, to pro,eins was described by Goldenberg and Creighron 
(Goldenberg and Creigbton, J. M BW„ 165: 407-413, .983). A new terminus is 
se.ec.ed « an internal site (breakpoint) of Ore original sequence, the new sequence 
having the same order of amino acids as .he original from the breakpoint unbl .. 
reaches an amino acid ma. is « or near me origina. C-Krminus. A. mis point .he new 
sequence is joined, either direc.ly or .hrough an addidonal portion or sequence 
(ltak er), .o an amino acid <ha. is a, or near .he original N-termtaus, and me new 
sequence continues wi«h dre same sequence as rhe origins, end. i. reaches a point that 
U a, or near a. or near me amino acid .ha. was terminal to rhe breakpoint she of ft. 
original sequence, .his re sidue forming dre new C-terminus of d. chain. Thrs 
approach has been apphed .o pro«eins which rang, in size from 58 ,o 462 amino acrds 
and represent a broad range of strncmral classes (Go.denberg and Creighron, J. Mol 
BU 165: 407-413, 1983; U and Coff.no. Mol. Ceil Bid. 13: 2377-2383, .993; 
Zhang e, al. Nature Struct Biol. 1: 434-438, 1995; Buchwalder, et al, BiocHenusny. 
31 . .621-1630, 1994; Prousova, et al. Pro,. En*., 7: 1373-.377, 1995; MuUins, e, 
al J. Am Chem. Soc, 1 16: 5529-5533, 1994; Garrett, et al. Protein Scence, 5: 204- 
2U .996; Hahn. e, al. Proc. M Acad. Sci. V.S.A.. 91: .04.7-1042., .994; Yang 
and Schachman, Proc. M Acad. Sci. U.S.A.. 90: .1980-1 .984, 1993; Luger, e, al 
Science, 243: 206-2 10 , .989; Luger. - al. Pro,. En g .. 3: 249-258, 1990; I* - * 
Protein Science. 4: 159-166. .995; Vignais. e, al. Protein Science. 4: 994-1000. 
1995 - Rirco-Vonsovici. e, al. BiocHemistry, 34: 16543-16551. 1995; Horiick, et al, 
5 Pro,ein En,.. 5: 427-43., 1992; Kreirman, et al, Cy,oMne. 7: 311.318 m*. 
Vinuera e, al, Mol Biol., 247: 670-681, 1995; Koebnik and Kramer, J. Mol B,ol. 
250- 617-626, 1995; Krehman, et al, Proc. Natl Acad. Sci.. 9.: 6889-6893, .994). 

Thus .here exists a need ,0 identify novel prorein sequences which are msec, 
inhibitory, which an, no, related to B, insect inhibitory proteins in form or funchon, 
,„ and which are safe for expression in human and animal food supplies. Such pro,ems 
snouhf have modes of acdon distinct from mose of B, insec. inhibhory proteins or 
Xenorhabdus or PHotorhaodus insec. inhibtory proreins and should ac. synergisricany 
wi„ BTs or Xenorhabdus or PHo,orHabdus insec, inhibirory proteins ,o ard . 
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pre ven,ing the onse, of insec, species resistance developed in response to providing 
Z, insec. inhibit proteins in compositions of manor as food sources ,0 

populations of insects in fields of recombinant crops. 

SUMMARY OF THE INVENTION 

The present invention provides a method for identifying a lipid acy! hydrolase 
having insect inhibitor, properties comprising isolating and purifying a protein havmg 
m acy, hydrolase activity, obtaining a three dimension. crys,a, structure ofs»d 
pLn; and identifying the amino acid sconce o, said protein; whereto satd ammo 
acid scuenec cousins a serine active site motif gly-xxx-ser-xxx-gly and an aspariae 
Le 1 motif giu-xxx-xxx-leu-vai-asp-gly. Modiflcarions of these monfs shonid 
disrupt the hydrolase and the insec. inhibitor, properties of Ute prole.n. 

Furthermore, .he invention provides a method of inhibiting insec. mfestaUon 
„, a plan, or plan. par. comprising providing in me insects plan. die. an msec. 
1 bUor, effective amount of a lipid acy. hydrolase having insec, mm ttory 
, pmpe Z when ingest by said insect, wherein the amino acid sequence * -d 
Uolase comprises a serine active si, motlf gfy-xxx-ser-xxx g.y - - 
acdve si.e motif gin-xxx-xxx-leu^-asp-gly. The serine acuve s.te - -^ 
sbom to be quired b, tearing the hydrolase with a -~J^ 
specifically and irreversib., to me serine in the serine acuve s,te moUf, such as 
, 0 Iprop, finorophosphate. The serine active site motif and/or the aspartate ac„ 
-re Jt can be shown to be reared b, modifying the amino acid seance w,mm 
each motif .o show loss of function of hydrolase and insect inhibtuon. 

The invention further provides a method for protecting a plan, or par, .hereo 
a.ains, insec, infestation comprising providing an insec, controlling -un, of a plan 
* Hold acyl hydrolase protein having a crystal structure containing a senne acuve s«e 
I if O X S.X-0 and an asparmre acfive site motif E-X-X-L-V-O-O, each mot, 
L g presen, in the active sire elefi defined by the crysta, secure and the sen« - 
JL residues in each motif being quired for the catalytic mnctton of the 

w Live insec, inhibition when provided in die, form ,o a susceptible insec, latvae. 
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Novel protein sequences having lipid acyl hydrolase activity, as well as nucleic 
acid sequences encoding said protein sequences are disclosed. The proteins maintain 
desirable insect inhibitory properties when expressed in plants. 

Alanine scanning and 'rational substitution' is performed on identified peptide 
5 sequences to determine specific amino acids which contribute to lipid acyl hydrolase 
activity. Individual mutations are introduced into the whole protein sequence by 
methods such as site directed mutagenesis of the encoding nucleic acid sequence. 

Permuteins of the novel protein sequences may be constructed to reduce or 
eliminate allergenic properties or to improve protein stability and protein expression. 
10 The encoding nucleic acid sequence is modified to produce a protein with a re- 
arranged amino acid sequence, while maintaining insect inhibitory properties. 

° The novel proteins may be used in controlling insects, as nutritional 
supplements, in immunotherapy protocols, and in other potential applications. 
Transgenic plant cells and plants containing the encoding nucleic acid sequence may 
15 be particularly beneficial in the control of insects, and as a nutritional/immunotherapy 
material. 

One object of the present invention is to provide a method for protecting a 
plant or plant part from insect infestation. 

Another object of the present invention is to provide a method for identifying a 
20 lipid acyl hydrolase enzyme which functions to inhibit insect infestation. The method 
consists of identifying a protein displaying lipid acyl hydrolase activity. A DNA 
sequence encoding the protein sequence can either be synthesized by back-translating 
the amino acid sequence, or by identifying a DNA coding sequence from a source 
from which the enzyme was isolated and purified. The enzyme can be treated with 
25 diisopropyl fluorophosphate to identify a serine residue involved in lipid acyl 
hydrolase activity. The crystal structure of the enzyme can then be determined, and 
the three dimensional model of the structure can be used to identify the active site and 
additional residues involved in active site catalysis. Other residues, such as Hisl09 
exemplified in Patl7, can be identified which are crucial for enzyme stability using 
30 alanine scanning mutagenesis. An enzyme displaying lipid acyl hydrolase activity 
which requires serine active site functionality and at least one additional amino acid 
residue interacting with the active site serine is expected to have insect inhibitory 
bioactivity which can be determined by placing an insect inhibitory amount of the 
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native protein sequence into a bioassay with a susceptible insect to determine insect 
inhibitory bioactivity. A native protein, mutagenized to inactivate one or more of the 
residues involved in active site lipid acyl hydrolase activity can be used in a separate 
bioassay to confirm the related active site residue involvement in insect inhibitory 
5 bioactivity. 

A further object of the present invention is to provide compositions which 
protect a plant or a plant part from insect infestation by one or more of insects selected 
from the group consisting of com rootworm, cutworm, wire worm earworm, aphids, 
piercing and sucking insects, borers, army worms, and potato beetles. 
10 a further object of the present invention is to provide a method for 

constructing transformed plant cells comprising a DNA sequence encoding a novel 
lipid acyl hydrolase having insect inhibitory bioactivity, wherein the hydrolase and 
insect inhibitory activity are identified by first treating the hydrolase with diisopropyl 
fluorophosphate to identify at least one serine residue involved in lipid acyl hydrolase 
15 activity; second determining the crystal structure of the hydrolase and forming a three 
dimensional model of the hydrolase; and third, using the three dimensional model of 
the structure to identify additional residues involved in active site catalysis; wherein 
the transformed plant cells are resistant to insect infestation or inhibit insects upon 
ingestion of said transformed plant cells. Using alanine scanning mutagenesis, other 
20 residues can be identified which are crucial for hydrolase enzyme stability. An 
enzyme displaying lipid acyl hydrolase activity which requires serine active site 
functionality and at least one additional amino acid residue interacting with the active 
site serine is expected to have insect inhibitory bioactivity which can be determined by 
placing an insect inhibitory amount of cells expressing the native protein sequence 
25 into a bioassay with a susceptible insect to determine insect inhibitory bioactivity. A 
native protein, mutagenized to inactivate one or more of the residues involved in 
active site lipid acyl hydrolase activity can be used in a separate bioassay to confirm 
the related active site residue involvement in insect inhibitory bioactivity. 

Another aspect of the present invention is directed to providing an insect 
30 inhibitory composition which prevents or delays the development of insect resistance 
to an insect inhibitory compound in a field of crops. The composition contains two or 
more insect inhibitory components, each component being present in an amount 
sufficient to inhibit the same insect species, at least one of the components being a 
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DESCRIPTION OF THE FIGURES 
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Rguse 2 Ulusria.es the hydro.ase activity of me aianine scanning variant isofonns of 
Patl7 

Figure 3 illustrates the pH rate profile for the native Patl7 enzyme 

Figure 4 illustrates the effect of Patl7 and variants on growth of neonate SCRW 
5 larvae 

Rgore 5 mnsria.es the effee, of wild We and H109N variant Pa.17 on growth of 
neonate SCRW larvae 

Flgure 6 il— (a) a rihbon diagram of the Pa,,7 strncrnre based on X-ray 
erystaUography so.nrion analysis; and <b) a ribbon diagram o, the proposed Pa.17 
I0 aerive site showing the catalytic serine and aspartate restdues 

. LU jio^-am nf the Patl7 structure around a histidine at 
Figure 7 illustrates a ribbon diagram ot ttie fan 

position 109 

Figure 8 Utasria^ me proposed cataiytic mechanism of Pa.17 involving serine and 
aspartate catalytic active site residues in a catalytic dyad 

, 5 Kgure 9 il.nsria.es me arignmen. of Pa.17 with other dico. patatin or patatin rdateri 
alo acid seances, and atignmen, with severa. monoco. pa,arin re,a.ed sequences 
paying .he conserved ca.a>ytic serine morif and catalytic asparmte morif 
alignments and sequence conservations. 

Figure 10 il.usria.es consrincdon o, nuCeic acid sequences encoding patatin 
2o petmutein proteins, and for il.usriarive purposes a breakpoint a. position 247 ts 
shown. 
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DESCRIPTION OF THE SEQUENCE LISTINGS 

The following description of the sequence listing forms part of the present 
specification and is included to further demonstrate certain aspects of the present 
invention. The invention can be better understood by reference to one or more of 
these sequences in combination with the detailed description of specific embodiments 
presented herein. 

SEQIDNO:l patatin homolog Pat 17 amino acid sequence (Solanun 

cardiophyllum) 

SEQ ID NO:2 patatin isozyme PatFm (mature protein lacking signal peptide) 

SEQ ID NO:3 Patatin isozyme Patlm (mature protein lacking signal peptide) 

SEQ ID NO:4 Patatin isozyme PatL+ (including signal peptide) 

SEQ ID NO:5 Patatin isozyme PatA+ (including signal peptide) 

SEQ ID NO:6 Patatin isozyme PatB+ (including signal peptide) 

SEQ ID NO:7 patatin homolog pentin 1 (Pentaclethra macroloba) 

SEQ ID NO:8 monocot patatin homolog 5c9 (Zea mays) 

SEQ ID NO:9 maize patatin homolog amino acid sequence corn 1 

SEQ ID NO: 10 maize patatin homolog amino acid sequence corn2 

SEQ ID NO: 1 1 maize patatin homolog amino acid sequence com3 

SEQ ID NO: 12 maize patatin homolog amino acid sequence corn4 

SEQ ID NO: 13 maize patatin homolog amino acid sequence corn5 

SEQ ID NO: 14 Serine active site consensus sequence motif 

SEQ ID NO: 1 5 Aspartate active site consensus sequence motif 

SEQ ID NO: 16 linker sequence 

SEQ ID NO: 17 linker sequence 

SEQ ID NO: 18 oligonucleotide sequence 

SEQ ID NO: 1 9 oligonucleotide sequence 

SEQ ID NO:20 pMON37402 sequence encoding permutein protein 

SEQ ID NO:21 Permutein protein encoded from pMON37402 sequence 

SEQ ID NO:22 pMON37405 sequence encoding permutein protein 



SEQ ID NO:23 Permutein protein encoded by P MON37405 sequence 

SEO ID NO-24 pMON37406 sequence encoding permutein protein 

SEQ ID NO-25 Pennutein protein encoded by P MON37406 sequence 

SEO ID NO-26 pMON37407 sequence encoding permutein protein 

SEQ ID NO-27 Pennutein protein encoded by pMON37407 sequence 

SEO ID NO-28 pMON37408 sequence encoding permutein protein 

SEQ ID NO-29 Pennutein protein encoded by P MON37408 sequence 

SEO ID NO-30 pMON40701 sequence encoding permutein protein 

SEQ ID NO:3 1 Permutein protein encoded by P MON4070 1 sequence 

SEO ID NO-32 P MON40703 sequence encoding permutein protein 

SEQ ID NO:33 Pennutein protein encoded by pMON40703 sequence 

SEO ID NO-34 P MON40705 sequence encoding permutein protein 

SEQIDNo':35 Permutein protein encoded by P MON40705 sequence 

o F oTDNO-36 com homolog peptide 

SEQ ID NO* 37 bomo.og Par.7 n„c.eie acid co*ng sequence and am.no 

SEOIDNO:39 potato patatin protein sequence 

SEO ID NO-40 Pre-cleavage patatin protein produced in » I— ™ 

SEQ ID NO:42 Conserved Basic annno acid consensus mot.f F-Y-X.-E-H/N 

SEQIDNO:43-60 oligonucleotides 

DEFINITIONS 

The blowing definitions a. provided in order ,0 aid those skiUed in the an in 
underatandingthedeuileddescriptionolthepreseminvennon. 

"Chimeric" refers to a fusion nucleic acid or protem sequence. A chrmenc 
, nucleic acid sequence is comprised of two sequences joined in-frame that encode a 
Leric protein. The coding regions of multiple protein suhunirs mav he .otned m- 
L ,o form a chimeric nucleic acid sequence ma, encodes a chrmenc prorem 

sequence. 
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"Coding sequence", "open reading frame", and "structural sequence" refer to 
the region of continuous sequential nucleic acid triplets encoding a protein, 

polypeptide, or peptide sequence. 

"Codon" refers to a sequence of three nucleotides that specify a particular 

i amino acid. 

"Complementarity" refers to the specific binding of adenine to thynune (or 
uracil in RN A) and cytosine to guanine on opposite strands of DN A or RNA. 

"Deallergenize" (render hypoallergenic) refers to the method of engineenng or 
modifying a protein such that it has a reduced or eliminated ability to induce an 
0 allergic response. A deallergenized protein may be referred to as bang 
hypoallergenic. Hie degree of deallergenization of a protein may be measured in vuro 
by the reduced binding of IgE antibodies. 

"DNA sequence heterologous to the promoter region" means that the coding 
DNA sequence does not exist in nature in the same gene with the promoter to which it 

15 is now attached. 

"DNA sequence" refers to a DNA molecule that has been isolated free of total 

genomic DNA of a particular species. 

"Electroporation" refers to a method of introducing foreign DNA into cells 
that uses a brief, high voltage dc charge to permeabilize the host cells, causing them to 
take up extra-chromosomal, epi-genetic DNA, or any nucleotide or polynucleotide 
molecule provided exogeneously to the cells. 

"Encoding DNA" refers to chromosomal DNA, plasmid DNA, cDNA, or 
synthetic DNA which encodes any of the enzymes or proteins discussed herein. 

"Endogenous" refers to materials originating from within an organism or cell. 
"Endonuclease" refers to an enzyme that hydrolyzes double stranded DNA at 
internal locations. 

"Epitope" refers to a region on an allergen that interacts with the cells of the 
immune system. Epitopes are often further defined by the type of antibody or cell 
with which they interact, e.g. if the region reacts with B-cells or antibodies (IgE), it is 

30 called a B-cell epitope. 

"Exogenous" refers to materials originating from outside of an organism or 
cell. This typically applies to nucleic acid molecules used in producing transformed 
or transgenic host cells and plants. 



20 
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"Expressibly coupled", "expressibly linked", "operably linked", and 
"operatively linked", refer to a promoter or promoter region and a coding or structural 
sequence in such an orientation and distance that transcription of the coding or 
structural sequence may be directed by the promoter or promoter region. 3' 
5 transcription termination and polyadenylation sequences can also be operably linked 

to coding sequences. 

"Expression" refers to the transcription of a gene to produce the corresponding 
mRNA and translation of this mRNA to produce the corresponding gene product, i.e., 
a peptide, polypeptide, or protein. Expression can also refer to the transcription of a 
10 gene coding for a tRNA or a structural, catalytic, or functional RNA molecule which 
is not otherwise subsequently translated into protein. 

"Fusion modified gene" refers to a nucleic acid sequence of one origin fused to 
a nucleic acid sequence from another origin at either the N-termini or the C-termini, 
e.g. a nucleic acid sequence encoding an insecticidal protein or fragment from B.t. 
15 fused to the N- or C-termini to a nucleic acid sequence encoding patatin or a fragment 

of patatin or vice versa. 

"Heterologous DNA" refers to DNA from a source different than that of the 

recipient cell. 

"Homologous DNA" refers to DNA from the same source as that of the 
20 recipient cell. 

"Identity" refers to the degree of similarity between two nucleic acid or protein 
sequences. An alignment of the two sequences is performed by a suitable computer 
program. A widely used and accepted computer program for performing sequence 
alignments is CLUSTALW vl.6 (Thompson, et al. Nucl. Acids Res., 22: 4673-4680, 

2 5 1994). The number of matching bases or amino acids is divided by the total number 
of bases or amino acids, and multiplied by 100 to obtain a percent identity. For 
example, if two 580 base pair sequences had 145 matched bases, they would be 25 
percent identical. If the two compared sequences are of different lengths, the number 
of matches is divided by the shorter of the two lengths. For example, if there were 

30 100 matched amino acids between 200 and a 400 amino acid proteins, they are 50 
percent identical with respect to the shorter sequence. If the shorter sequence is less 
than 150 bases or 50 amino acids in length, the number of matches are divided by 150 
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(for nucleic acid bases) or 50 (for amino acids), and multiplied by 100 to obtain a 
percent identity. 

"IgE" (Immunoglobulin E) refers to a specific class of immunoglobulin 
secreted by B cells. IgE binds to specific receptors on Mast cells. Interaction of an 
5 allergen with mast cell-bound IgE may trigger allergic symptoms. 

"Immunotherapy" refers to any type of treatment that targets the immune 
system. Allergy immunotherapy is a treatment in which a progressively increasing 
dose of an allergen is given in order to induce an immune response characterized by 
tolerance to the antigen/allergen, also known as desensitization. 
10 "In vitro" refers to in the laboratory. 

"In vivo" refers to in a living organism. 

"Insect inhibitory polypeptide" refers to a polypeptide having properties that 
adversely affects the growth and development of insect pests. Insect inhibitory also 
refers to isolated nucleic acid molecules comprising nucleotide sequences encoding 

15 polypeptides or proteins exhibiting insect inhibitory activity, wherein said activity is 

manifested by inhibiting the growth or development of, or contributing substantially to, or 
causing the death of a Coleopteran, a Dipteran, a Lepidopteran, a Hemipteran, a 
Hymenopteran, or a sucking and piercing insect or insect larvae thereof. Insect inhibitory 
also includes nucleotide sequences encoding novel proteins comprising polypeptides which 

20 augment the activity of peptides exhibiting insect inhibitory activity when fed to Coleopteran, 
Dipteran, Lepidopteran, Hemipteran, Hymenopteran, or sucking and piercing insects or insect 
larvae thereof. 

"Monocot" refers to plants having a single cotyledon (the first leaf of the 
embryo of seed plants); examples include cereals such as maize, rice, wheat, oats, and 
25 barley. 

"Multiple cloning site" refers to an artificially constructed collection of 
restriction enzyme sites in a vector that facilitates insertion of foreign DNA into the 
vector. 

"Mutation" refers to any change or alteration in the sequence of a gene. 
30 Several types exist, including point, frame shift, and splicing. 

"Native" refers to two segments of nucleic acid naturally occurring in the same 
organism. For example, a native promoter is the promoter naturally found with a 
given gene in an organism. 



-15- 



"Naturally occurring" refers to a nucleic acid or protein which is found in 
nature, and has not been manipulated or altered by the hand of man. 

"Non-naturally occurring" refers to a nucleic acid or protein which is not found 
in nature, but instead has been synthesized to exhibit properties that are otherwise 
5 found in nature. The synthesis of any such non-naturally occurring nucleic acid or 
protein does not necessarily require that the entire sequence of either be synthetically 
produced, but that only an insubstantial modification, such as a nucleotide substitution 
in a nucleic acid sequence or an amino acid substitution in the amino acid sequence of 
a protein, is all that is necessary to qualify the nucleic acid or protein as one which is 

10 non-naturally occurring. 

"Nucleic acid segment" or "nucleic acid sequence" is a nucleic acid molecule 
that has been isolated free of total genomic DNA of a particular species, or that has 
been synthesized. Included with the term "nucleic acid segment" are DNA segments 
or DNA sequences, recombinant vectors, plasmids, cosmids, phagemids, phage, 

15 viruses, etcetera. 

"Nucleic acid" refers to deoxyribonucleic acid (DNA) and ribonucleic acid 

(RNA). 

Nucleic acid codes: A = adenosine; C = cytosine; G = guanosine; T = 
thymidine; N = equimolar A, C, G, and T; I = deoxyinosine; K = equimolar G and T; 
20 R = equimolar A and G; S = equimolar C and G; W = equimolar A and T; Y = 
equimolar C and T. 

"Open reading frame (ORF)" refers to a region of DNA or RNA encoding a 

peptide, polypeptide, or protein. 

"Plasmid" refers to a circular, extrachromosomal, self-replicating DNA. 
25 "Point mutation" refers to an alteration of a single nucleotide in a nucleic acid 

sequence. 

"Polymerase chain reaction (PCR)" or thermal amplification refers to an 
enzymatic technique to create multiple copies of one sequence of nucleic acid. Copies 
of DNA sequence are prepared by shuttling a DNA polymerase between two 
30 amplimers. The basis of this amplification method is multiple cycles of temperature 
changes to denature, then re-anneal amplimers, followed by extension to synthesize 
new DNA strands in the region located between the flanking amplimers. 
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"Probe" refers to a polynucleotide sequence which is complementary to a 
target polynucleotide sequence in the analyte. 

"Promoter" or "promoter region" refers to a DNA sequence, usually found 
upstream of, or positioned 5' with reference to, a coding sequence, that controls 
expression of the coding sequence by controlling production of messenger RNA 
(mRNA) by providing the recognition site for RNA polymerase and/or other factors 
necessary for transcription initiation at the correct site. As contemplated herein, a 
promoter or promoter region includes variations of promoters derived by means of 
ligation to various regulatory sequences, random or controlled mutagenesis, and 
addition or duplication of enhancer sequences. The promoter regions disclosed 
herein, and biologically functional equivalents thereof, are responsible for driving the 
transcription of coding sequences under their control when introduced into a host as 
part of a suitable recombinant vector, as demonstrated by its ability to produce 
mRNA. 

"Recombinant DNA construct" or "recombinant vector" refers to any agent 
such as a plasmid, cosmid, virus, autonomously replicating sequence, phage, or linear 
or circular single-stranded or double-stranded DNA or RNA nucleotide sequence, 
derived from any source, capable of genomic integration or autonomous replication, 
comprising a DNA molecule in which one or more DNA sequences have been linked 
20 in a functionally operative manner. Such recombinant DNA constructs or vectors are 
capable of introducing a 5' regulatory sequence or promoter region and a DNA 
sequence for a selected gene product into a cell in such a manner that the DNA 
sequence is transcribed into a functional mRNA which is translated and therefore 
expressed. Recombinant DNA constructs or recombinant vectors may be constructed 
to be capable of expressing antisense RNA's, in order to inhibit translation of a 

specific RNA of interest. 

"Recombinant proteins", also referred to as "heterologous proteins", are 
proteins which are normally not produced by the host cell. 

"Regeneration" refers to the process of growing a plant from a plant cell (e.g., 

30 plant protoplast or explant). 

"Regulatory sequence" refers to a nucleotide sequence located upstream (5'), 
within, and/or downstream (3') to a DNA sequence encoding a selected gene product 
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wh0 se —on and expression is controtled by .he regr.la.ory sequence in 
conjunction with the protein synthetic apparatus of the cell. 

" .-Restriction enzyme" refers ,0 an enzyme that recognizes a spec.flc 
^indrornic sequence of nucleotides in donhle s tt anded DNA and cleaves no* 
Lnds; also caned a restriction endonuclease. Cleavage M occurs w„h,n the 

-effective —ion" (RES) refers to an amino acid suhsllrution 
^Utin an fgE-binding region (epitope) of a protein (patatin) which reduces or 
eliminates the IgE binding by that epitope. 

•Seleelle mariter" refers to a nucleic acid sequence whose expresston 
confers a phenotype faci.na.ing idendficarion of ce,,s conning the nucletc a,d 
_. SCectable markers include those which confer res.srance to oxte 
cTca* (e.g. antpicilUn France, xanamycin resistance), cotnplemen, a 
dliency (e.g. an inability to produce any or produce sufficient compounds for 
15 will supp— „ such as uracil, nisridine, leucine, diann.op.tne 1, 

Z. «c). or impar, a visual,, or opUcally disdngnishing character^ (e.g. color 

changes or fluorescence). 

•Transcription" refers to ft. process of producing an RNA copy from a DNA 
^.ReveraeUanscnpUonreferaUttepnacesaofp^ingei^an^A^ 

20 from an RNA template, or a DNA copy from an RNA template. 

_ (e.g„ a vector, recombinant nucleic acid molecule) into a cel. or protop as. 

::: „ z ^ -* - * ™ - — - e ° r :z 

Ira.,, occurring he— DNA, such as into chloroplas. DNA, or ts capab,e 
B ^ rce,," is a ce„ whose DNA has been aUered by me —on 

'Transgenic cell reters 10 <my 
reformed cell or derived from a ttansgenlc cell. Exemplary uansgenic ceUs .nclud 
„ Z caU, derived from a transformed p,an, eeU and particular ceUs such as ,eaf. r~ 
em . somatic ce„s, or reproductive (germ, cens obtained from a nansgen, p.™, 
Transgenic p,an," refers ,0 a p,an. or progeny thereof dertved front 
wormed pl< ce„ or protoplast, wherein tbe plan. DNA contains an unreduced 
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exogenous nucleic acid sequence not originally present in a native, non-transgenic 
plant of the same species. Alternatively, the plant DNA may contain the introduced 
nucleic acid sequence in a higher copy number than in the native, non-transgenic plant 
of the same species. 

5 'Translation" refers to the production of protein from messenger RNA. 

"Vector" refers to a plasmid, cosmid, bacteriophage, or virus that carries 
foreign DNA into a host organism. 

"Western blot" refers to protein or proteins that have been separated by 
electrophoresis, transferred and immobilized onto a solid support, then probed with an 
10 antibody. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to the art areas of plant molecular biology, 
plant agriculture, and entomology as well as to protein chemistry, immunology, and 
protein crystallography. 

15 Economically important crops have always been subject to insect infestation, 

at times resulting in devastating damage. Even when damage is not ultimately 
devastating, the insect pressure can significantly alter the yield and quality of the 
harvest. Means for controlling the insect pressure in a field of crops has been partially 
addressed by chemical applications as well as, to a lesser extent, traditional breeding 

20 methodologies. True to genetic variability, however, the insects seem to adapt readily 
to these traditional means for control. Naturally occurring plant traits which confer 
insect inhibitory advantages have evolved and been selected for by plant breeders over 
generations of breeding. These traits have either succumbed to, or are likely to 
ultimately succumb to races of insects which adapt to feed seemingly unaffected by 

25 the selected traits. Although such naturally selected plant derived traits are in fact 
useful, they are not altogether the most effective means of combating insect pressure 
for a number of reasons. First, the tolerances that plants can evolve are in constant 
flux with the changes that insects accrue in order to overcome the defenses. Second, 
and perhaps more importantly, the rate at which traditional breeding takes place is too 
30 slow and cumbersome to provide the types of resistance that are necessary to maintain 
the defenses for crop plants. In addition, other means have proven much more 
effective in conferring insect pressure control. 
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One such means is topical chemical treatment to susceptible plants. This has 
particular advantages becrn.se i. can be applied only when insect pressure is detected, 
and only in amonnts necessary to attempt to achieve control of the insect pressure, 
However, mere are substantial disadvantages to chemical treatments. Primarily, most 
chemical applications utilize organophospha.es or similar compositions which are not 
only toxic to die target insect pests but to all other insect, arachnid, mammalian or 
avian species present in the local environment to which the application is duecred. 
Second, application of individual chemical compositions leads to rapid development 
of resisrance to the composition. There has been good success in .renting fields of 
crops, however, with compositions containing .wo or more chemical insecticides, a. 
.east one of which acts .0 inhibit kill, or otherwise con.ro. a. leas, me urge, insect 
pes. using a mode of action differen, ftom the other pesticides presen. m die 
composition. This means also leads .o virtually no development of resisutnce. A mud 
disadvantage to using chemical tieaonems is tat often die composition is wholly or 
partially non-biodegradable and therefore no. a bio-efficacious means for .reaung 
crops in a field in which further use of the field for crop rotations is contemplated. In 
addition, another disadvantage to topical applications is that many insec pests are 
shielded from the topical effects of the treatments because of the nature of .heir hfe 
cycles lnsec,s such as grubs, borers, and leaf rollers eon continue .o feas, uninh.bi.ed 
because of the nature of their chosen ecological niche. Therefore, alternative means 
of controlling insect pressures have been necessary. 

Through the advent of molecular biology, recombinant plan* expressmg very 
effective insec. control proteins have developed and recently deployed into 
commereial varieties which can now be obtained through seed providers. Such 
, recombinant plants generally contain genes which have been manipula.ed to enab e 
,he plants to express proteins eidter identical ,0 or subs,antially identical to naturally 
occurring proteins isolated from Bacillus .huringiensis species of bacterta. Such 
proteins, designated .hrough nomenclamre as insecticidal cystal proteins or ICFs or 
BTs have been very effective in most plants which have been genetically altered to 
10 express them. However, these proteins are also susceptible to the development of 
resistance in various target insects. For example, the Cry3 class of proteins are BT 
ICP-s which are particularly effective in continuing, inhibiting, or killing vartous 
Coleopreran species of insec, laxvae. Some members of .his particular class are now 
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used preferentially to control corn rootworms. However, it is presumed that when 
expressed alone in plants without some additional coleopteran effective treatment, a 
coleopteran larvae feeding on such a plant would eventually develop some level of 
resistance to the BT ICP, diminishing the effectiveness of the recombinant trait in the 
crop, and rendering valueless the efforts in procuring such recombinant varieties. The 
application of an additional treatment in combination with the BT ICP that had a 
separate mode of action when compared to the BT ICP and which was equally 
effective in controlling coleopteran species would diminish to vanishingly small the 
likelihood that resistant races of the target coleopteran species would develop at all 
One report has suggested that the co-expression of two or more BT ICPs in a plant, 
wherein each BT ICP was toxic to the same insect species but wherein each BT ICP 
expressed did not bind competitively to insect brush border membrane vesicle 
receptors, would diminish the likelihood that insect resistance would develop to any 
of the BT ICFs present in that plant. (Van Mellaert et al. US Patent No. 5,866,784; 
Feb. 2, 1999). However, although there are a variety of classes of BT ICP proteins, 
with each class of protein being particularly effective in controlling a class of insect 
species, such as Cryls effectiveness vs lepidopterans, Cry2's effectiveness in 
controlling some lepidopterans but many which also have effects on dipterans, and 
Cry3's effectiveness in controlling some Coleopteran's, there are only a limited 
number of Cry proteins which could be used in the manner described. This lack of 
numerosity and variety is particularly true for the Cry3 class of proteins, ie those 
which are preferentially effective in controlling various Coleopteran species. In 
addition, more sensitive methods for measuring binding of BT ICPs to insect brush 
border membrane vesicle receptors have been developed since the methods as taught 
in Van Mellaert et al. The more sensitive methods suggest that even for those pairs of 
BT ICP's which Van Mellaert et al. demonstrated non-competitive binding, there 
appears in fact to be some competitive binding taking place, making it more likely that 
when two or more BT ICPs are used in combination which do not completely exhibit 
non-competitive binding, resistance to both BT ICFs could develop more rapidly than 
, previously believed. Therefore, there is a need to identify and/or develop additional 
insect inhibitory proteins which do not act in the same way, ie using the same mode of 
action, as BT ICPs. 
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A variety of plant, bacterial, and fungal derived proteins have been identified 
which display insect inhibitory activity. Some of these include plant lectins, and as 
described above, other insect inhibitory proteins derived from Xenorhabdus and/or 
Photorhabdus species of bacteria. It is not clear whether these proteins act in modes 
5 different from that of the BT ICP's. It is clear, however, that there is increasing 
disinterest by various groups in having plants which express foreign proteins, ie 
proteins that are not otherwise naturally occurring in plants. It may be more 
acceptable to such groups to engineer plants which express useful proteins which 
have been derived from heterologous plant sources, or more preferably from 
10 homologous plant sources. In particular, identification of plant proteins which have 
properties of insect inhibition or insect control when ingested by insect pests, and 
which function in a way which is different from the function of BT ICP's or other 
bacterial or heterologous proteins would be particularly useful. 

Plant non-specific lipid acyl hydrolases have been identified from a variety of 
15 plant sources including potato tubers, flowers, and leaves, bean leaves and rice bran as 
well as many other plant sources. The activity of plant non-specific lipid acyl 
hydrolases is extremely high in many tissues, and although their action in causing 
rancidity in stored agricultural products and in damaged or infected tissues has been 
well documented, their in vivo physiological role is still uncertain. 

Patatin is a major potato tuber protein that has been shown to have esterase, 
lipase, and insect inhibitory activities. This protein is also classified as a non-specific 
lipid acyl hydrolase. As used herein, plant non-specific lipid acyl hydrolase includes a 
protein or protein sequence having substantial homology to potato patatin based on 
alignment algorithms and which can be demonstrated to hydrolyze acyl groups from at 
25 least one of several classes of lipids, including glycolipids, phospholipids, sulfolipids, 
and mono- and di-acyl glycerols, but is inactive on triacylglycerols. The acyl 
hydrolase releases both fatty acids from diacyl glycerolipids, and in many cases, there 
is no preference for either the 1- or 2-position of the acyl ester linkage. Thus, the 
enzyme possesses a combined catalytic capacity of phospholipase Al, A2, and B, as 
30 well as glycolipase, sulfolipases and monoacylglycerol lipase. Similarities of the plant 
non-specific lipid acyl hydrolase enzymes from various tissues include the following: 
(1) they exert a similar pattern of substrate specificity as described above; (2) they 
may occur as isozymes in each tissue and they have fairly similar patterns of substrate 
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specificity; (3) the activity ratio of the enzyme preparation on galactolipid and 
phospholipid remains fairly constant throughout an enzyme purification procedure; 
and (4) the enzyme carries out acyltransferase reactions with each of the substrates 
(Gailliard, in "The Biochemistry of Plants", P.K. Stumpf and E.E. Conn, eds., v4:85- 
1 16, Academic Press, New York, 1980). 

The best characterized plant non-specific lipid acyl hydrolase is patatin, 
isolated from potato tubers. Patatin is a mixture of at least 6 to 10 closely related 
polypeptides, isoforms, or isozymes which differ in their primary amino acid 
sequence, patterns of glycosylation, and hydrolytic activities (Hofgren et al., Plant 
Sci. 66:221-230, 1990). These proteins are encoded by a family of about 15 genes per 
haploid genome, and genes encoding several patatin isoforms have been sequenced 
and published (Mignery et al., Nucl. Acids Res. 12:7987-8000, 1984). Sequences 
encoding additional patatin related proteins from potato and from corn are set forth 
herein. 

Patatin is synthesized as an approximately 43,000 Dalton (43 kDa) preprotein 
with a short signal peptide for targeted secretion into the ER and subsequent passage 
through the Golgi apparatus. The signal peptide is cleaved upon insertion of the 
mature peptide into the lumen of the ER and the mature form of patatin is 
glycosylated in the Golgi to become a mature protein of about 40 kDa. One skilled in 
the art will recognize that variant patatins or patatin related sequences displaying non- 
specific lipid acyl hydrolase activity and insect inhibitory bioactivity can vary by as 
much as 10-15 percent in size from the major potato patatin sequence. In any event, 
the present invention specifically contemplates the use of any of the patatin isoforms. 
It has been identified as a part of the inventions described herein that variations may 
exist in the amino acid sequence of patatin and related proteins without any significant 
effect on its functional characteristics. However, any changes to active site amino 
acid sequence motifs as disclosed herein have substantial impact on the enzymatic and 
insect inhibitory bioactivity, and therefore should be avoided when construing patatin 
homologs for use as contemplated herein. 

Biochemical assays which monitor the lipolytic or esterolytic activity of plant 
non-specific lipid acyl hydrolases are useful for ensuring that proteins isolated from 
plant tissues are in fact lipid acyl hydrolases. To ensure that the enzyme activity 
observed in such assays is due to protein activity, protease sensitivity can be 
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..easureti. in addition, insec, bioasaays a« usefu. as monimrs for .he insec, mhrnrto* 
active diapiayed by non-specific lipid acy, hydrolase, One axilled in .be « would 
taow bow .o bacttranslaK from an amino aeid sequence .o obrain a DNA sequence 
„bjch could be synmesized as a redundan, probe .0 identify one or more genormc or 
cDNA sequences encoding one or more plan, non-specific lipid acy. hydro.ases. h, 
fac. using .he active sue amino acid sequence motifs disclose* herein, one sWl.ed ,» 
rhe an con.d easily identify any p,an, non-specific Hpid acyl hydro.ase from any plan, 
tissue, whether monocot or dicor species. 

Based on .he analysis of me amino acid sequence of pamtin, i« has been 
previously shown ma, a serine residue is required for lipid acyl hydro.ase 
weH as for insee, inhibi.ory bioactiviry, and ma. me serine residue wimin .he ammo 
acid sequence motif Giy-Xxx.-Ser-Xxxr-Giy (SEQ m NO:14) is me earalyic senne 
residue This dUclosure repons .he isolation of a sing.e po,a,o paratin isozyme, 
des.gna.e4 Pa.17, and reports me resulrs of a,anine scanning mu,agenesis of .he gene 
encoding rhe pro.ein .o identify .he Uke.y camlytic residues responsrble for borh ,h 
esrerase and insec, inhibit bioacrivity. In addition, rhe active sire ammo ac.d 
sequence motif confining a quired serine residue was alrered ,o assess to role m 
eanuytic function. A se, of 75 amino acid sequence varies were generated us.ng 
si.e-direc.ed mnragenesis. expressed in me yeas, PicHia pnsrons. and analyzed for 
. es,erase active The varian,s identified using alanine scanning mu<agenes,s and 
displaying low esierase aetivi,y were purifled and assayed for insee. mh,b.»ry 
activiry. The invenrors have herein identified Ser77 and Asp2.5 rescues m Pa.17 ,o 
he critical for bom esrerase and insec, inhihirory bioactiviry. The subsriruhon of 
Ser77 wim cystine, alanine, asparta... rhreonine, or asparagine residues argmficanuy 
25 reduced bom me es,erase and insec. inhibi.ory activUy, further supporting ,he role 
Ser77 in mainlining me activity of rhe pro,ein. The pH rare profile of me protem 
indica.es ma, a single residue wim a pKa o, .ess .ban abou, 5 mua, be tieprotonaKd 
tor .he pro,ein ,o show activity, which supports me ro.e of Aspz.5 as a Celtic 
residue. Surprising*, substitution of .hree His residues wim aianine in Pa,.7 drd .~ 
3„ produce an inactive enzyme. His varian,H.09Acou.d no, be expressed. An rsostenc 
Inge a, mis position, H,C»N, mainrained mU esKrase and bioactiviry. Cher ammo 
acid variations a, position 109 inc.uded cystine, aspa*ate, and argmrne. These 
variants were a.so unab.e ,0 be expreased, suggesting ,ha, His,09 does no, play a 
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direct role in catalysis but instead is implicated as important in the stability of the 
protein, as suggested by the X-ray crystal structure. The X-Ray crystal structure 
solution, reported herein, along with the alanine scanning mutagenesis and the amino 
acid sequence alignments with other sequences having substantial homology to potato 
; patatin further supports the requirement for serine and aspartate in catalysis and insect 
inhibition and further provides a means for identifying any member of a family of 
conserved plant proteins displaying non-specific lipid acyl hydrolase activity and 
insect inhibitory bioactivity and which utilizing serine and aspartate in maintaining 
these functions (Figure 9). In particular the alignments have allowed the identification 
0 of consensus sequences which, when coupled with X-Ray crystallographic data on at 
least one of the aligned protein sequences, allows the identification of the residues 
which fold into the active site of the enzyme and which are necessary for maintaining 
lipid acyl hydrolase activity and insect inhibitory bioactivity. These alignment 
consensus sequences are set forth in Figure 9 as underlined sequences and in SEQ ID 
,5 NO:14 (Gly-Xaa,-Ser-Xaa 2 -Gly) and SEQ ID NO:15 (Glu-Xaa r Xaa 2 -I^u-Val-Asp- 
Gly). Xaa, and Xaa 2 as set forth in SEQ ID NO: 14 can be either Ser or Thr. Xaa, as 
set forth in SEQ ID NO:15 can be any of the aromatic amino acids such as Tyr, Phe, 
Trp and preferably are either Tyr or Phe. Xaa 2 as set forth in SEQ ID NO:15 can be 
generally be a basically charged amino acid such as His or Asn, with a preference for 

20 either being equally weighted. 

Variants or analogues of patatin or patatin homologs are also specifically 
contemplated herein. Other than the contemplated amino acid sequence variants or 
variants of varying lengths relative to potato patatin, each having or retaining acyl 
hydrolase activity and insect inhibitory bioactivity, other contemplated variants 
25 include permuteins. Permuteins are generally proteins that comprise an amino acid 
sequence not found in nature, but which, upon three dimensional analysis or modeling 
appear to fold in three dimensional space into the configuration of the native protein 
and continue to display at least the same enzymatic and insect inhibitory bioactivity as 
the native protein. In addition, it is preferable that the DNA sequence encoding the 
30 permutein display at least the same level of expression in host cells as a codon 
optimized DNA sequence encoding the native protein sequence. Herein, once the 
crystal structure of a protein is solved, if the carboxy and amino termini of the protein 
are near enough to one another, ie within about 50 A, then one or more breakpoints 
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within the protein sequence structure can be selected so that the ends of the 
breakpoint(s) form the new amino and carboxy termini of the resultant protein, the 
permutein which is then joined into a single contiguous amino acid sequence by 
constructing a DNA sequence encoding the new, novel protein sequence such that the 
5 old carboxy terminus codon is adjacent to and upstream of the original native amino 

terminal amino acid codon. 

The positions of the internal breakpoints described herein are found on the 
protein surface, and are distributed throughout the linear sequence without any 
obvious bias towards the ends or the middle. Breakpoints occurring below the protein 
,0 surface may additionally be selected. The rearranged two subunits may be joined by a 
peptide linker. A preferred embodiment involves the linking of the N-terminal and C- 
terminal subunits by a three amino acid linker, although linkers of various sizes may 
be used. Additionally, the N-terminal and C-terminal subunits may be joined lacking 
a linker sequence. Furthermore, a portion of the C-terminal subunit may be deleted 
15 and the connection made from the truncated C-terminal subunit to the original N- 
terminal subunit and vice versa as previously described (Yang and Schachman, Proc. 
Natl. Acad. Sci. U.S.A., 90: 1 1980-1 1984, 1993; Viguera, et «/., Mol. Biol, 247: 670- 
681, 1995; Protasova, et a/., Prot. Eng., 7: 1373-1377, 1994). 

The novel insecticidal proteins of the present invention may be represented by 

20 the formula: 

X ! -(L) a -X 2 
wherein; 

a is 0 or 1, if a is 0, then the permutein does not contain a linker 
sequence; 

25 x' is a polypeptide sequence corresponding to amino acids n+1 

through J; 

X 2 is a polypeptide corresponding to amino acids 1 through n; 
n is an integer ranging from 1 to J-l ; 
J is an integer greater than n+ 1 ; and 
30 L is a linker. 

In the formula above, the constituent amino acid residues of the novel insect 
inhibitory protein are numbered sequentially 1 through J from the original amino 
terminus to the original carboxyl terminus. A pair of adjacent amino acids withm this 
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protein may be numbered n and n+1 respectively where n is an integer ranging from 1 
to J-l. The residue n+1 becomes the new N-terminus of the novel insect inhibitory 
protein and the residue n becomes the new C-terminus of the novel insect inhibitory 
protein. 

5 For example, a parent protein sequence consisting of 120 amino acids may be 

selected as a starting point for designing a permutein (J=120). If the breakpoint is 
selected as being between position 40 and position 41, then n=40. If a linker is 
selected to join the two subunits, the resulting permutein will have the formula: 
(amino acids 41-120)-L-(amino acids 1-40). If a linker was not used, the resulting 
10 permutein will have the formula: (amino acids 41-120)-(amino acids 1-40). 

The length of the amino acid sequence of the linker may be selected 
empirically, by using structural information, or by using a combination of the two 
approaches. When no structural information is available, a small series of linkers may 
be made whose length can span a range of 0 to 50 A and whose sequence is chosen in 
order to be substantially consistent with surface exposure (Hopp and Woods, Mol. 
Immunol, 20: 483-489, 1983; Kyte and Doolittle, J. Mol. Biol, 157: 105-132, 1982; 
Lee and Richards, J. Mol Biol, 55: 379-400, 1971) and the ability to adopt a 
conformation which does not significantly affect the overall configuration of the 
protein (Karplus and Schulz, Naturwissenschaften, 72: 212-213, 1985). Assuming an 
average length of 2.0 to 3.8 A per residue, this would mean the length to test would be 
between about 0 to about 30 residues, with 0 to about 15 residues being the preferred 
range. Accordingly, there are many such sequences that vary in length or composition 
that can serve as linkers with the primary consideration being that they be neither 
excessively long nor excessively short (Sandhu, et al, Critical Rev. Biotech., 12: 437- 
467, 1992). If the linker is too long, entropy effects may destabilize the three- 
dimensional fold and may affect protein folding. If the linker is too short, it may 
destabilize the molecule due to torsional or steric strain. 

Use of the distance between the chain ends, defined as the distance between 
the C-alpha carbons, may be used to define the length of the sequence to be used, or at 
least to limit the number of possibilities that may be tested in an empirical selection of 
linkers. Using the calculated length as a guide, linkers with a range of number of 
residues (calculated using 2 to 3.8 A per residue) may be selected. These linkers may 
be composed of the original sequence, shortened or lengthened as necessary, and 
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when lengthened the additional residues may be chosen to be flexible and hydrophilic 
as described above; or optionally the original sequence may be substituted for using a 
series of linkers, one example being Gly-Pro-Gly (SEQ ID NO: 16); or optionally a 
combination of the original sequence and new sequence having the appropriate total 
length may be used. An alternative short, flexible linker sequence is Gly-Gly-Gly- 
Ser-Gly-Gly-Gly (SEQ ID NO: 17). 

Sequences of novel patatin analogs capable of folding to biologically active 
molecules may be prepared by appropriate selection of the beginning (amino 
terminus) and ending (carboxyl terminus) positions from within the original 
polypeptide chain while optionally using a linker sequence as described above. 
Amino and carboxyl termini may be selected from within a common stretch of 
sequence, referred to as a breakpoint region, using the guidelines described below. A 
novel amino acid sequence is thus generated by selecting amino and carboxyl termini 
from within the same breakpoint region. In many cases, the selection of the new 
termini will be such that the original position of the carboxyl terminus immediately 
preceded that of the amino terminus. However, selections of termini anywhere within 
the region may result in a functional protein, and that these will effectively lead to 
either deletions or additions to the amino or carboxyl portions of the new sequence. 

The primary amino acid sequence of a protein dictates folding to the three- 
dimensional structure beneficial for expression of its biological function. It is 
possible to obtain and interpret three-dimensional structural information using X-ray 
diffraction of single protein crystals or nuclear magnetic resonance spectroscopy of 
protein solutions. Examples of structural information that are relevant to the 
identification of breakpoint regions include the location and type of protein secondary 
structure (alpha and 3-10 helices, parallel and anti-parallel beta sheets, chain reversals 
and turns, and loops (Kabsch and Sander, Biopolymers, 22: 2577-2637, 1983), the 
degree of solvent exposure of amino acid residues, the extent and type of interactions 
of residues with one another (Chothia, C., Ann. Rev. Biochem., 53: 537-572, 1984), 
and the static and dynamic distribution of conformations along the polypeptide chain 
, (Alber and Mathews, Methods Enzymoi, 154: 511-533, 1987). In some cases 
additional information is known about solvent exposure of residues, one example is a 
site of post-translational attachment of carbohydrate which is necessarily on the 
surface of the protein. When experimental structural information is not available, or 
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when it is not feasible to obtain the information, methods are available to analyze the 
primary amino acid sequence in order to make predictions of protein secondary and 
tertiary structure, solvent accessibility and the occurrence of turns and loops (Fasman, 
G., Ed. Plenum, New York, 1989; Robson, B. and Gamier, J. Nature, 361: 506, 1993). 
5 Biochemical methods may be applicable for empirically determining surface 

exposure when direct structural methods are not feasible; for example, using the 
identification of sites of chain scission following limited proteolysis in order to infer 
surface exposure (Gentile, F. and Salvatore, G., Eur. J. Biochem., 218: 603-621, 
1993). Thus, using either the experimentally derived structural information or 
10 predictive methods (Srinivasan, R. and Rose, G.D. Proteins, 22: 81-99, 1995), the 
parental amino acid sequence may be analyzed to classify regions according to 
whether or not they are integral to the maintenance of secondary and tertiary structure. 
The sequences within regions that are known to be involved in periodic secondary 
structure (alpha and 3-10 helices, parallel and anti-parallel beta sheets) are regions that 
15 should be avoided. Similarly, regions of amino acid sequence that are observed or 
predicted to have a low degree of solvent exposure are more likely to be part of the so- 
called hydrophobic core of the protein and should also be avoided for selection of 
amino and carboxyl termini. Regions that are known or predicted to be in surface 
turns or loops, and especially those regions that are known not to be required for 
20 biological activity, may be preferred sites for new amino and carboxyl termini. 
Stretches of amino acid sequence that are preferred based on the above criteria may be 

selected as breakpoint regions. 

An embodiment of the invention is directed towards patatin permutein 
proteins. The permutein proteins preferably maintain esterase activity and insect 
25 inhibitory properties. The permutein proteins preferably are less allergenic than the 
wild type patatin protein to individuals or animals allergic to potatoes. This may be 
assayed by the binding of antibodies to the wild type patatin and patatin permutein 
proteins. 

The permutein proteins may optionally contain a linker sequence. The linker 
30 may generally be any amino acid sequence, preferably is Gly-Gly-Gly-Ser-Gly-Gly- 
Gly (SEQ ID NO: 17) or Gly-Pro-Gly (SEQ ID NO: 16), and more preferably is Gly- 
Pro-Gly. 
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Embodiments of the invention also include isolated nucleic acid molecule 
segments comprising a structural nucleic acid sequence encoding a patatin permutein 
protein. The linker may generally be any amino acid sequence, preferably is Gly-Gly- 
Gly-Ser-Gly-Gly-Gly or Gly-Pro-Gly, and more preferably is Gly-Pro-Gly. 
5 Alternatively, the encoded patatin permutein protein may lack a linker sequence. 

An embodiment of the invention is directed towards recombinant vectors which 
encode a patatin permutein protein. Alternatively, the encoded patatin permutein 
protein may lack a linker sequence. 

Another preferred embodiment of the present invention encompasses cells 
10 transformed with the DNA constructs disclosed herein, and by use of the 
transformation vectors well known in the art. Transformed cells contemplated in the 
present invention include both prokaryotic and eukaryotic cells which express the 
proteins encoded-for by the novel DNA constructs of the present invention. The 
process of producing transgenic cells is well-known in the art. In general, the method 
15 comprises transforming a suitable host cell with a DNA sequence which contains a 
promoter operatively linked to a coding region that encodes a non-specific lipid acyl 
hydrolase. Such a coding region is generally operatively linked to a transcription- 
terminating region, whereby the promoter is capable of driving the transcription of the 
coding region in the cell, and hence providing the cell the ability to produce the 
20 enzyme in vivo. Alternatively, in instances where it is desirable to control, regulate, or 
decrease the amount of a particular hydrolase or hydrolases expressed in a particular 
transgenic cell, the invention also provides for the expression of hydrolase antisense 
mRNA; intron antisense mRNA; chloroplast targeting antisense mRNA; or five prime 
untranslated region (UTR) antisense mRNA. The use of antisense mRNA as a means 
25 of controlling or decreasing the amount of a given protein of interest in a cell is well- 
known in the art. 

In a preferred embodiment, the invention encompasses a plant cell which has 
been transformed with a nucleic acid sequence or DNA construct of the invention, and 
which expresses a gene or gene segment encoding one or more of the coleopteran- 
30 active non-specific lipid acyl hydrolases as disclosed herein. As used herein, the term 
"transgenic plant cell" is intended to refer to a plant cell that has incorporated DNA 
sequences, including but not limited to genes which are perhaps not normally present, 
DNA sequences not normally transcribed into RNA or translated into a protein 
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("expressed"), or any other genes or DNA sequences which one desires to introduce 
into the non-transformed plant, such as genes which may normally be present in the 
non-transformed plant but which one desires to either genetically engineer or to have 
altered expression. 

It is contemplated that in some instances the genome of a transgenic plant of 
the present invention will have been augmented through the stable introduction of a 
coleopteran active non-specific lipid acyl hydrolase-encoding DNA constructs as 
disclosed herein. In some instances, more than one transgene will be incorporated 
into the nuclear genome, or into the chloroplast or plastid genome of the transformed 
host plant cell. Such is the case when more than one hydrolase protein-encoding 
DNA sequence is incorporated into the genome of such a plant. In certain situations, 
it may be desirable to have one, two, three, four, or even more non-specific lipid acyl 
hydrolase protein-encoding polynucleotides (either native or recombinantly- 
engineered) incorporated and stably expressed in the transformed transgenic plant. 

In preferred embodiments, the introduction of the transgene into the genome of 
the plant cell results in a stable integration wherein the offspring of such plants also 
contain a copy of the transgene in their genome. The heritability of this genetic 
element by the progeny of the plant into which the gene was originally introduced is a 
preferred aspect of this invention. A preferred gene which may be introduced 
includes, for example a plant non-specific lipid acyl hydrolase enzyme, and 
particularly one or more of those described herein. 

Means for transforming a plant cell and the preparation of a transgenic cell line 
are well-known in the art (as exemplified in U. S. Patents 5,550,318; 5,508,468; 
5,482,852; 5,384,253; 5,276,269; and 5,225,341, all specifically incorporated herein 
by reference in their entirety), and are briefly discussed herein. Vectors, plasmids, 
cosmids, YACs (yeast artificial chromosomes) and DNA segments for use in 
transforming such cells will, of course, generally comprise either the operons, genes, 
or gene-derived sequences of the present invention, either native, or synthetically- 
derived, and particularly those encoding the disclosed crystal proteins. These DNA 
constructs can further include structures such as promoters, enhancers, polylinkers, or 
even gene sequences which have positively- or negatively-regulating activity upon the 
particular genes of interest as desired. The DNA segment or gene may encode either a 
native or modified hydrolase protein, which will be expressed in the resultant 
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recombinant cells, and/or which will impart an improved phenotype to the regenerated 
plant. 

Transgenic cells specifically contemplated in the present invention include 
transgenic plant cells. Particularly preferred plant cells include those cells obtained 
5 from corn, wheat, soybean, turf grasses, ornamental plant, fruit tree, shrubs, 
vegetables, grains, legumes, and the like, or any plant into which introduction of a 
coleopteran active non-specific lipid acyl hydrolase transgene is desired. 

In another aspect, plants transformed with any DNA construct of the present 
invention that express the proteins for which the construct encodes, are contemplated 
10 as being a part of this invention. Accordingly, the invention further provides 
transgenic plants which have been transformed with a DNA construct, as disclosed 
herein, and transformed by use of transformation vectors as disclosed herein. 
Agronomic, horticultural, ornamental, and other economically or commercially useful 
plants can be made in accordance with the methods described herein, to express plant 
15 non-specific lipid acyl hydrolases at levels high enough to confer resistance to insect 
pathogens while remaining morphologically normal. 

Such plants may co-express the plant non-specific lipid acyl hydrolase 
polypeptide along with other antifungal, antibacterial, or antiviral pathogenesis-related 
peptides, polypeptides, or proteins; insect inhibitory proteins; proteins conferring 
20 herbicide resistance; and proteins involved in improving the quality or quantity of 
plant products or agronomic performance of plants. Simultaneous co-expression of 
multiple proteins in plants is advantageous in that it exploits more than one mode of 
action to control plant pathogenic damage. This can minimize the possibility of 
developing resistant pathogen strains, broaden the scope of resistance, and potentially 
25 result in a synergistic insect inhibitory effect, thereby enhancing a plant's ability to 
resist insect infestation (Intl. Patent Appl. Publ. No. WO 92/17591, 15 October 1992, 
specifically incorporated herein by reference in its entirety). 

The transformed plant of the current invention may be either a 
monocotyledonous plant or a dicotyledonous plant. Where the plant is a 
30 monocotyledonous plant, it may be any one of a variety of species. Preferred 
monocotyledonous species encompassed by the present invention may include maize, 
rice, wheat, barley, oats, rye, millet, sorghum, sugarcane, asparagus, turfgrass, or any 
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of a number of other grains or cereal plants. In preferred embodiments, the monocot 
is a maize plant. 

The present invention also contemplates a variety of dicotyledonous plants 
such as cotton, soybean, tomato, potato, citrus, tobacco, sugar beet, alfalfa, fava bean, 
5 pea, bean, apple, cherry, pear, strawberry, raspberry, or any other legume, tuber, or 
fruit plant. In preferred embodiments, the dicot is a soybean plant, a tobacco plant, or 
a cotton plant. 

Many of the plants intended to be transformed according to the disclosed 
invention are commercial crop plants. The commercial form of these plants may be 

10 the original plants, or their offspring which have inherited desired transgenes. 
Accordingly, plants further contemplated within the ambit of the present invention 
include any offspring of plants transformed with any of the permutations of the DNA 
construct which are noted in this application. Specifically, the offspring may be 
defined as an Ro transgenic plant. Other progeny of the transformed plant are also 

15 included within the scope of the present invention, including any progeny plant of any 
generation of the transformed plant, wherein the progeny plant has inherited the DNA 
construct from any Ro plant. 

Upon transformation with a specific DNA construct, the nucleic acid or 
polynucleotide segments of the construct may be incorporated in various portions into 

20 a chromosome of the transformant. Therefore, in another embodiment, the present 
invention encompasses any transgenic plant or plant cell prepared by the use of a 
DNA construct disclosed herein. Such a plant or cell encompassed by the present 
invention includes those prepared by a process which has the following steps: (1) 
obtaining a DNA construct including a coleopteran active plant non-specific lipid acyl 

25 hydrolase coding region positioned in frame and under the control of a promoter 
operable in the plant, and a signal peptide sequence coding region for ER targeting of 
the hydrolase positioned upstream of the plant non-specific lipid acyl hydrolase 
coding region and downstream of the promoter; and (2) transforming the plant with 
the obtained DNA construct, so that the plant expresses the plant non-specific lipid 

30 acyl hydrolase. The plant may also have been transformed so that it further 
incorporates into its genome and expresses other insect inhibitory proteins. 

In a related aspect, the present invention also encompasses a seed produced by 
the transformed plant, a progeny from such seed, and a seed produced by the progeny 
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of the original transgenic plant, produced in accordance with the above process. Such 
progeny and seeds will have a coleopteran active plant non-specific lipid acyl 
hydrolase transgene stably incorporated into its genome, and such progeny plants will 
inherit the traits afforded by the introduction of a stable transgene in Mendelian 
5 fashion. All such transgenic plants having incorporated into their genome transgenic 
DNA sequences encoding any DNA construct disclosed herein, particularly those 
disclosed in the examples and figures are aspects of this invention. 

Recombinant plants, cells, seeds, and other tissues could also be produced in 
which only the mitochondrial or chloroplast DNA has been altered to incorporate the 
10 molecules envisioned in this application. Promoters which function in chloroplasts 
have been known in the art (Hanley-Bowden et al., Trends in Biochemical Sciences 
12:67-70, 1987). Methods and compositions for obtaining cells containing 
chloroplasts into which heterologous DNA has been inserted has been described by 
Daniell et al., U.S. Pat. No. 5,693,507 (1997). 
15 In another preferred embodiment, the present invention provides a method for 

expressing coleopteran active plant non-specific lipid acyl hydrolases at high levels in 
transgenic plants. The disclosed methods may exploit any of the DNA constructs 
disclosed herein, as well as any transformation vectors known in the art. The 
contemplated methods enable coleopteran active plant non-specific lipid acyl 
hydrolases for the control of several insect pests, to be expressed in plants without 
negatively affecting the recovery of agronomic qualities of transgenic plants. The 
invention described herein also enables expression of coleopteran active plant non- 
specific lipid acyl hydrolases at levels up to 10 times higher than that achieved by 
current methods. 

The method described here thus enables plants expressing non-specific lipid 
acyl hydrolase to be used as either an alternative or supplement to plants expressing 
Cryl, Cry2, and Cry3-type B. thuringiensis 6-endotoxins for both control and 
resistance management of key insect pests, including Ostrina sp, Diatraea sp„ 
Helicoverpa sp, Spodoptera sp in Zea mays; Heliothis virescens , Helicoverpa sp, 
Pectinophora sp. in Gossypium hirsutum; and Anticarsia sp, Pseudoplusia sp, 
Epinotia sp in Glycine max. It is also contemplated that the methods described may be 
used to dramatically increase expression of plant nonspecific lipid acyl hydrolases 
including and related to potato patatin or homologues thereof, or permuteins thereof, 
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thus increasing its effectiveness against target pests and decreasing the likelihood of 
evolved resistance to these proteins. In one embodiment of the present invention, the 
coleopteran active plant non-specific lipid acyl hydrolase is expressed. 

The method of expressing a coleopteran active plant non-specific lipid acyl 
5 hydrolase in a plant disclosed herein includes the steps of: (1) obtaining nucleic acid 
sequence comprising a promoter operably linked to a first polynucleotide sequence 
encoding a signal peptide for targeting a protein to a type H secretory apparatus, and a 
second polynucleotide sequence, encoding a coleopteran active plant non-specific 
lipid acyl hydrolase, to yield a fusion protein comprised of an amino-terminal type H 
10 signal peptide and a coleopteran active plant non-specific lipid acyl hydrolase; and (2) 
transforming the plant with the DNA construct of step 1 so that the plant expresses the 
protein fusion. In a preferred embodiment, the nucleic acid segment employed in step 
(1) of this method is structured so that the 5' end of the second polynucleotide 
sequence is operably linked in the same translational reading frame to the 3' end of the 
15 first polynucleotide sequence. 

The plant or plant cell transformed by the method disclosed herein may be 
either a monocotyledonous plant or a dicotyledonous plant. Where the plant is a 
monocotyledonous plant, it may be any one of a variety of species. Preferred 
monocotyledonous species encompassed by the present invention may include maize, 
20 rice, wheat, barley, oats, rye, millet, sorghum, sugarcane, asparagus, turfgrass, or any 
of a number of other grains or cereal plants. In preferred embodiments, the monocot 
is a maize plant. 

The present invention also contemplates a process by which a variety of 
dicotyledonous plants or plant cells are transformed. Such dicotyledonous plants may 
25 include plants such as cotton, soybean, tomato, potato, citrus, tobacco, sugar beet, 
alfalfa, fava bean, pea, bean, apple, cherry, pear, strawberry, raspberry, or any other 
legume, tuber, or fruit plant. In preferred embodiments, the dicot is a soybean plant, a 
tobacco plant or cell, or a cotton plant or cell. 

As noted with regard to other embodiments disclosed in the present invention, 
30 many of the plants intended to be transformed according to the disclosed invention are 
commercial crop plants. The commercial form of these plants may be the original 
plants, or their offspring which have inherited desired transgenes. Accordingly, the 
inventors further contemplate that the method disclosed herein includes a method of 
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producing a transgenic progeny plant or progeny plant cell. The method of producing 
such progeny includes: The method of expressing a coleopteran active plant non- 
specific lipid acyl hydrolase in a plant disclosed herein includes the steps of: (1) 
obtaining nucleic acid sequence comprising a promoter operably linked to a first 
polynucleotide sequence encoding a signal peptide for targeting a protein to a type II 
secretory apparatus, and a second polynucleotide sequence, encoding a coleopteran 
active plant non-specific lipid acyl hydrolase, to yield a fusion protein comprised of an 
amino-terminal plastid transit peptide and a coleopteran active plant non-specific lipid 
acyl hydrolase; (2) obtaining a second plant; and (3) crossing the first and second 
plants to obtain a crossed transgenic progeny plant or plant cell which has inherited 
the nucleic acid segments from the first plant. The present invention specifically 
encompasses the progeny, progeny plant or seed from any of the monocotyledonous or 
dicotyledonous plants. 

In another preferred embodiment, the method of expressing the coleopteran 
active plant non-specific lipid acyl hydrolases disclosed herein includes co-expression 
of the disclosed DNA construct in any of its various embodiments, along with a B. 
thuringiensis 6-endotoxin or a Xenorhabdus sp. or Photorhabdus sp. insect inhibitory 
protein. The method of expressing these bacterial insect inhibitory proteins and 
hydrolases together is expected to achieve increased insect inhibitory properties in the 
transformed plant through increased expression and decreased development of insect 
resistance - all of which are desired results not present in existing technologies. This 
co-expression may be in the original transformant, or in any number of generations of 
progeny of the original transformant which have inherited the genes to co-express the 
proteins encoded for by any of the DNA constructs disclosed herein. 

The following examples are included to demonstrate preferred embodiments 
of the invention. It should be appreciated by those of skill in the art that the 
techniques disclosed in the examples which follow represent techniques discovered by 
the inventors to function well in the practice of the invention, and thus can be 
considered to constitute preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate that many changes can be 
made in the specific embodiments which are disclosed and still obtain a like or similar 
result without departing from the spirit and scope of the invention. 
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EXAMPLES 

Example 1 

This example illustrates the preferred materials and methods used in this 
disclosure and should not be understood to be limiting. The example also illustrates 
5 the DNA and amino acid sequence of Patl7 and the variant peptides which were 
produced using alanine scanning mutagenesis. 

Patatin is a member of a family of proteins found in potato and other 
solanaceous plants ( Ganal, M., et al, Genetic and physical mapping of the patatin 
genes in potato and tomato. Mol Gen Genetics, 1991. 225: 501-509; Vancanneyt, G, 
10 et al. Expression of a patatin-like protein in the anthers of potato and sweet pepper 
flowers. Plant Cell, 1989. 1: 533-540). In potatoes, patatin is predominantly found in 
tubers, and at much lower levels in other plant organs (Hofgen, R. and L. Willmitzer, 
Biochemical and genetic analysis of different patatin isoforms expressed in various 
organs of potato (Solanum tuberosum). Plant Sci., 1990. 66:221-230). Genes that 
15 encode patatins have been previously isolated and characterized (Mignery, G.A., et 
al., Isolation and sequence analysis of cDNAs for the major potato tuber protein, 
patatin. Nucleic Acids Research, 1984. 12:7987-8000; Mignery, G.A., C.S. Pikaard, 
and W.D. Park, Molecular characterization of the patatin multigene family of potato. 
Gene, 1988. 62:27-44; Stiekema, W.J., et al., Molecular cloning and analysis of four 
20 potato tuber mRNAs. Plant Mol Biol, 1988. 11:255-269). These proteins have been 
shown to have acyl-hydrolase activity that catalyzes the non-specific hydrolysis of 
phospholipids, glycolipids, sulfolipids, and mono- and diacylglycerols (Hirayama, O., 
et al., Purification and properties of a lipid cyl-hydrolase from potato tubers. 
Biochim Biophys Acta, 1975. 384:127-137; Wardale, D.A., Lipid-degrading enzymes 
25 from potato tubers. Phytochemistry, 1980. 19:173-177). In addition, patatin has been 
shown to have insect inhibitory activity against com rootworm, an economically 
important insect pest in com (Strickland, J.A., GL. Orr, and T.A. Walsh, Inhibition of 
Diabrotica larval growth by patatin, the lipid acyl hydrolase from potato tubers. Plant 
Physiol, 1995. 109:667-674). The current treatment used to control insect pests, 
30 including lepidopteran and coleopteran species, is 5-endotoxins of Bacillus 
thuringiensis (Bt) (English, L., et al., Modulation of delta-endotoxin ion channels. 
Molecular action of insecticides on ion channels, ed. J.M. Clark. Vol. 591. 1995: 
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Amer. Chem. Soc. Symposium. 302-307; Schnepf, E., et al, Bacillus thuringiensis 
and its pesticidal crystal proteins. Microbiology and molecular biology reviews, 1998. 
62:775-806; Crickmore, N., et al, Revision of the nomeclature for the Bacillus 
thuringiensis pesticidal crystal proteins. Microbiology and Molecular Biology 
5 Reviews, 1998. 62:807-813). The mechanism of action of Bt proteins involves 
insertion of the toxin into the membrane of the insect midgut to create ion channels or 
pores (English et al., ibid; Schnepf et al., ibid). Because of the widespread use of Bt 
toxins, there is concern that development of resistance can shorten their useful product 
life. Laboratory selection has produced many resistant insects to Bt protein, but to 
10 date there is only one insect, diamondback moth (Plutella xylostella), that has evolved 
substantial resistance in the field (Tabashnik, B.E., et al, Cross-resistance of the 
diamondback moth indicates altered interactions with domain II of Bacillus 
thuringiensis toxins. Applied and Environmental Microbiology, 1996. 62:2839-2844). 
Patatins afford a different gene product for control of insect pests with a different 
15 mode of action which can be combined with Bt 5-endotoxins for resistance 
management. 

A potato cDNA gene encoding an isozyme of patatin, designated herein as 
Patl7, was isolated from total DNA of Solanum cardiophyllum tubers as described 
herein and sequenced. The nucleotide (SEQ ID NO:37) and amino acid (SEQ ID 
20 NO:l) sequence of Patl7 is shown in Figure 1. Comparison of this sequence with 
other lipases indicated that Patl7 had the conserved amino acid motif (Gly-Xxx-Ser- 
Xxx-Gly) describing esterases (Mignery et al (1), ibid; Mignery et al (2), ibid; Steikma 
et al, ibid; Rosahl, S., et al, Isolation and characterization of a gene from Solanum 
tuberosum encoding patatin, the major storage protein of potato tubers. Mol Gen 
25 Genet, 1986. 203:214-220). Chemical modification studies of patatin using 
diisopropyl fluorophosphate (DFP) eliminates both the enzymatic and insect 
inhibitory activities (Strickland et al., ibid). Based on chemical modification 
experiments and the prior disclosure of Walsh et al., (US Patent No. 5,743,477), Ser77 
as implicated as being within the hydrolase motif and was solely responsible for the 
30 hydrolase activity and insect inhibitory bioactivity. However, other acyl hydrolase 
proteins had been observed to have a catalytic triad composed of Ser, Asp/Glu and His 
as a part of their active sites and so it was postulated that patatin may also contain 
other residues responsible for activity (Strickland et al., ibid; Senda, K., et al, A 
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cytosolic phospholipase A2 from potato tissues appears to be patatin. Plant Cell 
Physiol, 1996. 37:347-353; Schrag, J.D., et al. y Ser-His-Glu triad forms the catalytic 
site of the lipase from Geotrichum candidum. Nature, 1991. 351:761-764). 

Therefore, alanine-scanning mutagenesis was used to identify any likely 
5 catalytic residues (Cunningham, B. and J. Wells, High-Resolution Epitope Mapping of 
hGH-Receptor Interactions by Alanine-Scanning Mutagenesis. Science, 1989. 
244:1081-1085; Bennett, W.F., et al. 9 High resolution analysis of functional 
determinants on human tissue-type plasminogen activator. J Biol Chem, 1991. 
266:5191-5201). All codons in the Patl7 coding sequence encoding charged residues 

10 were altered to encode alanine in groups of 1-3 residues (Table 1). The "charged to 
alanine" scan variants would also help to identify residues, in addition to potential 
catalytic residues, which are important for activity and/or stability. A set of 75 
variants were constructed using site-directed mutagenesis as shown in Table 1. All 
the variants were expressed in Pichia pastoris and assayed for enzyme activity. The 

15 variants with very low enzyme activity were subsequently purified and assayed for 
bioactivity. Based on the consensus esterase motif, Gly-Xxx r Ser-Xxx 2 -Gly, we also 
changed the codon for Ser77 to Ala77 to verify that this residue is indeed responsible 
for catalytic and bioactivity. The inventors herein show that Pat 17 contains serine and 
aspartate residues that are critical for both enzymatic and insect inhibitory activities. 

20 In addition, the inventors herein have identified a histidine residue at position 109 as 
important in maintaining enzyme stability. The results herein suggest that Pat 17 is 
similar to a recently identified phospholipase A2 also employing a serine/aspartate 
dyad in catalysis (Dessen, A., et al y Crystal structure of human cytosolic 
phospholipase A2 reveals a novel topology and catalytic mechanism. Cell, 1999. 

25 97:349-360). Surprisingly, however, the Dessen et al. amino acid sequence fails to 
align at all with any of the plant derived sequences disclosed herein, indicating only 
that the two proteins contain active sites based on a similar biocatalytic theme but 
which exhibit substantially unrelated sequences and activities otherwise. 
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Column 1 


Column 2 


Wild type 


D223A 


E27A 


R234A 


D35A 


K238A 


R40A 


D239A 


E49A 


R246A 


E52A 


K251A/K252A 


E57A/D59A 


E265A/D267A 


D63A 


K268A 


R65A 


K273A 


D68A 


E274A 


D71A 


H282A 


S77A 


K289A 


E91A 


D292A 


R94A 


D300A 


K100A 


D311A 


E101A 


K313A 


E108A 


R318A 


H109A 


E321A 


K124A 


E330A 


D126A 


D332A 


K128A 


D333A 


E136A 


E336A 


K137A 


E340A 


E140A 


E347A 


R142A 


K351A/K352A 


H144A 


E356A/D357A 


E149A 


E360A 


D156A 


E363A 


K158A 


E364A 


K161A 


K367A 


K167A 


R368A 


E175A 


K371A 


D177A 


D375A 


K179A 


R376A 


D182A 


K377A 


HI 97 A 


K378A 


D207A/E208A/E210A 


R380A 


D215A 


K383A 



bacn native resiaue inuicaieu uy mc msi ««■ — — *• * 

directed mutagenesis or by thermal amplification to an alanine residue. Subsequent sequences were 
confirmed by DNA sequence analysis, and variant proteins were subsequently produced in P. Pastoris 
expression system to confirm presence of protein, and to test protein produced for insect inhibitory 
bioactivity and for lipid acyl hydrolase activity. 

Genes for patatin have been cloned by several investigators, as indicated 
above. The sequence disclosed was used to design primers to clone the Patl7 gene 
from S. cardiophyllum. Total RNA was prepared from Solarium cardiophyllum tubers 
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using TRI REAGENT according to the manufacturers protocol (Molecular Research 
Center, Inc.). The RNA was used to generate cDNA using reverse transcription. A 
full-length cDNA of Pat 17 was amplified using thermal ampification methods and the 
amplification primers 

5 

SEQ ID NO: 18 5 ' -GTT AG ATCTC A CC ATGGC A ACT ACT A A ATCTTT-3 ' 
(Ncol site indicated by underlined bases) and 

SEQ ID NO: 19 5 9 -CC AGAATTCTCATTAAT AAG AAGCTTTGTTTGC-3 ' 
(EcoRI site indicated by underlined bases). 

10 

Standard thermal amplification reaction conditions as described in the GENE AMP kit 
(Perkin-Elmer Cetus) were used, however an annealing temperature of 40°C was used 
in the alternative. Resulting DNA was cloned into pBluescript plasmid (Stratagene, 
CA) and the insert was confirmed by DNA sequence analysis. 

15 Pat 17 variants were generated using an oligonucleotide-directed mutagenesis 

protocol from Bio-Rad Laboratories (Richmond, CA) which is based on the method of 
Kunkel (Kunkel, D.A., Rapid and efficient site-specific mutagenesis without 
phenotypic selection. Proc Natl Acad Sci USA, 1985. 82:477-92). The Patl7 gene 
was cloned into the plasmid pBluescript SK+ (Strategene, CA) under conditions 

20 which facilitated the generation of single-stranded DNA. The mutagenesis procedure 
was followed as outlined in the protocol. Mutagenic oligonucleotides were purchased 
from Midland Reagent Company (Midland, TX). Mutant clones were identified by 
sequencing the region covered by the mutagenic oligonucleotides. 

The wild-type and Pat 17 variants were digested with XhoVEcoRl and ligated to 

25 the respective sites in the P. pastoris expression vector pPIC9 (Invitrogen, CA) used 
for extracellular expression. The transformation of the P. pastoris strain KM71 
(Invitrogen, CA), screening for recombinants, and expression experiments were 
performed as outlined according to the manufacturer's instructions. 

Culture supernatants of P. pastoris transformants producing recombinant 

30 protein were dialyzed against 25 mM Tris/HCl pH 7.5 (buffer A) and loaded onto 
Mono Q HR 10/10 anion-exchange column (Amersham Pharmacia, NJ) equilibrated 
with buffer A. The protein was eluted with 25 mM Tris/HCl pH 7.5, 1 M KC1 (buffer 
B) using a linear gradient of 0-100% buffer B run over 30 min at a flow rate of 4 
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mL/min using an HPLC system (Shimadzu). Fractions containing protein were 
assayed for esterase activity, dialyzed against 25 mM Tris/HCl pH 7.5, 1 M 
Ammonium sulfate, 1 mM p-mercaptoethanol (buffer C). The protein was purified to 
homogeneity by loading onto a phenyl-Sepharose 16/10 column (Amersham 
5 Pharmacia, NJ) equilibrated with buffer C. The protein was eluted with buffer A 
using a linear gradient of 0-100% at a flow rate of 3 mL/min using an HPLC system 
(Shimadzu). Esterase active fractions were pooled and dialyzed against 25 mM Tris 
pH 7.5. 

Enzyme activity was measured as described previously using p-nitrophenyl 
10 caprate (Sigma, MO) as a substrate (Hofgen et al., ibid). The substrate was initially 
dissolved in dimethylsulfoxide (5 mM stock solution) and diluted in 4% Triton X-100, 
1% SDS to a final concentration of 1 mM. For the assay, 25 ^iL of the 1 mM substrate 
solution was added to 80 |iL of 50 mM Tris pH 8.5 prior to the addition of 20 fiL of 
protein solution. The enzyme activity was monitored at 405 nm in 6 sec interval for a 
15 period of 10 min. Esterase activity was expressed as AA min" 1 ug~ l protein. Steady- 
state kinetic assays at different pH's were performed using Sodium acetate (pH 4-5.0), 
MES (pH 5-7.0), TRIZMA (pH 7-9.0), CHES (pH 9.5) with a 150 ^L total volume. 
Assays were initiated with 10 nL of enzyme containing O.lmg/mL protein in 25 mM 
Tris pH 7.5. The reactions were quenched after 5 min with 850 [iL of 200 mM Borate 
20 buffer (pH 9.8) and the absorbance was measured at 405 nm. The reaction rate was 
calculated using an extinction coefficient of 18.4 for /?-nitrophenol. The K m values for 
the substrate was determined by varying the substrate concentration (5-10 time the K m 
value). The steady-state kinetic data were analyzed using KINETASYST 
(IntelliKinetics, NJ). 

25 Insect bioassays for activity against larvae of Diabrotica undecimpunctata 

howardi (southern corn rootworm) were carried out by overlaying the test sample on 
an agar diet similar to that described previously (Marrone, P., et al, Improvements in 
laboratory rearing of the southern corn rootworm, Diabrotica undecimpuncta 
howardi barber (coleoptera: chrysomelidae), on an artificial diet and corn. J. Econ. 

30 Entom., 1985. 78:290-293). Proteins to be tested were diluted in 25 mM Tris/HCl pH 
7.5 and overlayed on the diet surface. Neonate larvae were allowed to feed on the diet 
and mortality and growth stunting were evaluated after 6 days. 
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N-,erminaIly-His-ragged Seleno-Memionine (Se-Me.) MIT was expressed by 

nrerabolic .abeting with Se-Met in a Se-Me.-,olerant Me. auxotroph of £ colt and was 

purified using Ni-chelate followed by anion exchange chromatography. Electrospray 

mass spectrometry revealed that «. enzyme sample (4,833 Da, contained Se-Me, 

residues a. all 13 methionine positions. The enzyme was crystallized using .he 

technique of vapor diffusion by hanging drops. The pro.ein sample was 10 mg/nd m 

10 mM Ws-PH T.4 and .he precipitant solution was 16% PEG3350. 0.24 M 

aromonium acetate. A drople, comprised of 2 ml of protein solution and 2 ml of 

precipiran. solution were placed on a siliconized coverslip and suspended over a 

grease-sealed well of a Linbro p.a,e containing 500 ml of precipitant solution. 

Crys.als appeared width, f.ve days. Preliminary in-house diffracdon analyses on cryo- 

cooled cr^-als were conduct using an MSC R-AXIS IV imaging plate detector 

mourned on an MSC RU300H3R X-ray generator, operating a. a power of 50 kV and 

,00 mA, with beam collimauon provided by MSC/Yale mirrors, and cryo-coohng 

achieved using an MSC X-Stream unit operating a. approximately -140 degrees C. 

Crystals taken from the drops were dipped in a cryo-solurion which was .6.5% 

PEG3350 0 23 M ammonium acetate, 25% ethylene glycol prior .o flash-coohng ,n 

,he com s'tream of .he R-AXIS TV unit. Diffracdon studies revealed .ha. .he crysrals 

„™,„ C222, with «=97.2 A, 6=171.4 A, c=129.8 A, and that they 
were space group L^z/i, wim " 

diffract .o better than 2.5 A resolution. ProUin/solvent content calculations based 
on ,he lattice and diffraction quality of the crystals suggested three Pat.T modules in 
Ore asymmetric unit. The secure was solved using Se-Met Mum-wavelength 
Anomalous Dispersion (MAD) phasing methods. Four wavelengths of MAD- 
(,,=0 9791 A, 12=0.9792 A, 13=1.019 A. 14=0.942 A) were collected a. the IMCA 
, beamline of the APS synchrotron. A Marresearch CCD de.ector was used to collect 
,he diffraction dara and the crystal was cryo-cooled using the aforementioned cryo- 
solution and an Oxford Cryo-stream uni. operating a. approximately -140 degrees C. 
360 degrees of data a. each wavelengm were collected using 2.5 second exposures, an 
osculation angle of 0.5 degree,, and a crys«a,-,o-de,ec.or distance of 130 mm The 
!0 data were reduced using the HKL20«> package. The SOLVE program was employed 
,„ ,ocare 33 of 39 Se si.es in .he asymmCric unit using 20-2.2 A dau. Phases from 
SOLVE were improved using the CCP4 package utility DM. A singie Pa.17 molecule 
„as built into a 2.2 A resolution experimental map using an SGI Octane worksration 
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with stereo-graphics capability, the O program and the InsightH Biopolymer module. 
The Patl7 coordinates, 8-3.5 A data, and the AMoRe molecular replacement package 
; used to locate all three molecules in the asymmetric unit (R-f = 0.384). 



were 



Example 2 

This example illustrates the lipid acyl hydrolase esterase activity of the 
charged to alanine scan variants described in Example 1. 

Table 1 shows the list of charged to alanine scan variants. All the variants 
were expressed in P. pastoris and assayed for esterase activity as shown in Figure 2. 
The level of protein expression was assayed using an ELISA and a monoclonal 
antibody specific for the Patl7 native amino acid sequence. Some of the variants 
could not be expressed including E52A, D68A, D71A and H109A, suggesting that 
these residues are critical for enzyme stability. Variants E91A, R94A and E136A 
showed good enzyme activity but could not be detected by the monoclonal antibody 
used in the ELISA suggesting that these are the potential recognition epitopes for the 
monoclonal antibody. All variants were assessed on Western blots probed with a 
polyclonal antibody to validate the ELISA expression values. The variant comprising 
D215A showed significant loss in esterase activity suggesting that this residue is 
critical for esterase activity (Figure 2 and Table 2). 
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Table 2. Esterase Activity f Variants at Position 77, 109 and 215. 

Variants Esterase Activity 

(AOD.min '.iig *) 

Wild type 116.0 
S77A 0.02 
S77D 0.01 
S77T 0.1 
S77N 0.01 
S77C 0.1 
S77R a N/A 
H109A a N/A 
H109N 234.5 

D215A O02 

a No protein expression was detected. The detection limit of the assay is 0.01. 



As Ser77 lies in a hydrolase motif identified in US Pat No 5,743,477, a S77A 

5 variant was constructed to elucidate its role in catalysis. As shown in Figure 2, S77A 
was inactive towards the esterase substrate, suggesting that this residue is necessary 
for catalysis. Activity greater than that of the wild type Pat 17 was observed for the 
variants at positions 65 and 352 (5-fold increase). Based on the X-ray crystal 
structure, the side chains of these basic residues (R65A, K351A/K352A) appear to lie 

10 on surface loops and to be facing in the same direction. Esterase activity of all the 
other variants varied from 0.5-fold to 4.2-fold respectively of the wild type protein. 
Several variants were also made at position 77 including S77A, S77D, S77T, S77N, 
S77C and S77R in order to elucidate the primary sequence requirements for enzymatic 
activity. The results of the esterase activity assay for the variants at position 77 are 

15 shown in Table 2. All the Ser77 variants were found to be inactive towards esterase 
substrates compared to the wild type enzyme suggesting that Ser77 is one of the 
catalytic residue involved in covalent catalysis. Histidine is usually a very conserved 
residue in the normal lipase catalytic triad, and thus we changed His 109 to asparagine 
(an isosteric residue to His) and evaluated its esterase activity (shown in Table 2). It 

20 was surprising to note that H109N maintained full catalytic activity. Other changes at 
this position including H109C, H109D, H109R could not be expressed suggesting that 
the nitrogen atom in Hisl09 is critical for maintaining the activity of the enzyme. 
This result rules out the possibility that His 109 plays a direct role in catalysis. This 
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data is further supported by the X-ray crystal structure which shows that His 109 
stabilizes the interaction between two helices and probably helps in maintaining the 
overall conformation of the protein. 



Example 3 

This example illustrates the pH rate profile of the native Pat 17 enzyme. 

The plot of the data for kc at /K m for p-nitrophenyl caprate substrate is shown in 
Figure 3. The pH-independent value of the kinetic parameters are: kcat = 2.7 s" 1 and 
kcat/K m = 9.3 mM 1 s" 1 . The kcat/Km is essentially pH independent over the pH range of 
5-9.5. This result suggests that a single residue with a pKa <5 must be deprotonated 
for enzyme activity, supporting the alanine scanning mutagenesis which identified 
Asp215 as at least one of the catalytic residues. 

Example 4 

This example illustrates the coordinated requirement for functional enzyme 
activity and insect inhibition for the native and variant forms of patatin. 

It has previously been shown that the enzymatic activity of patatin is required 
for it to also display effective insect inhibitory bioactivity. Therefore, the Ser77 
variants described above (S77A, S77D, S77T, S77N, S77C) and the aspartate variant 
D215A were tested in an insect bioassay against southern corn rootworm (SCRW). 
The results are shown in Figure 4. All of the assays were performed by overlaying 
protein (200 ppm final concentration) onto a corn rootworm artificial diet medium. 
All insects growth was stunted when native Pat 17 was used, however no insect 
mortality was observed. All esterase inactive variants displayed no activity against 
SCRW suggesting that Ser77 and Asp215 are required for esterase activity and insect 
inhibitory bioactivity. 

Assays were also conducted to evaluate the bioactivity of the H109N variant. 
As shown in Figure 5, H109N had similar activity as the wild type enzyme in 
inhibiting the growth of SCRW larvae. The assay for H109N was performed in a 
similar manner as the other assays but the final concentration of overlayed protein was 
100 ppm. 
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Example 5 

This example illustrates the model for the chemical mechanism of patatin non- 
specific lipid acyl hydrolase catalysis. 

Patatin has been classified as a Ser hydrolase due to the presence of the general 

5 amino acid motif, Gly-Xxxi-Ser-Xxx^-Gly in the protein sequence. Previous 
chemical modification studies have shown that DFP-treated patatin had >20-fold 
reduction in esterase activity and no bioactivity. The instant disclosure describes the 
cloning of an isozyme of patatin designated herein as Pat 17. On the basis of the Gly- 
Xxxi-Ser-Xxx 2 -Gly consensus sequence, Ser77 is predicted to be involved in catalysis 

10 in Pat 17. As the structure of patatin was not known when this work was initiated, 
other catalytic residues in the cc/p hydrolase fold family of enzymes were also 
implicated. As in the family of oc/(3 hydrolases, the nucleophile can either be Ser, Cys 
or Asp. Therefore, the inventors herein altered the Ser77 to Ala, Cys, Asp, Thr, Asn, 
and Arg. All the variants were assayed for esterase and insect inhibitory activity and 

15 the results indicate that this residue is critical for both activities. Patatin has also been 
classified as a lipid acyl hydrolase because it exhibits phospholipase activity. The 
sequential order of active site residues in some lipases is Ser, Asp/Glu, His with the 
Ser being the only residue identifiable by sequence gazing. Since there is no 
consensus motif to identify or predict the His and the carboxylate residues, the 

20 inventors herein utilized site-directed mutagenesis to construct a synoptic set of 
clustered point mutations in Pat 17 by changing all the charged residues in the protein 
including Glu, Asp, His, Lys, and Arg to alanine in groups of 1-3 to identify the active 
site residues. This method, "clustered charged-to-alanine scan," has previously been 
used to identify critical residues in other proteins. The results described herein have 

25 identified Asp215 as the carboxylate residue critical for catalysis. The pH rate profile 
of Pat 17 reveals that an acidic group with a pKa of < 5 is important in catalysis 
suggesting that Asp215 within the Glu-Xaai-Xaa 2 -Leu-Val-Asp-Gly consensus motif 
is the catalytic base (Figure 3). The X-ray crystal structure indicates that Ser77 and 
Asp215 are within hydrogen bonding distance and thus support the notion that these 

30 residues are the catalytic residues (Figure 6a,b). The results herein also suggest that 
His 109 is critical for maintaining the activity of the enzyme. The substitution of Ala, 
Cys, Asp, or Arg at position 109 is not permitted as no protein could be detected by 
ELISA and/or Western blot, suggesting that this position might be crucial for stability 
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of the enzyme. An isosteric change at this position (H109N) generates a protein 
which maintains full esterase and insect inhibitory activity. An analysis of the patatin 
homolog alignment in Figure 9 indicates that the Histidine or Asparagine at this 
position is also within a conserved sequence as set forth in SEQ ID NO:42 as Phe- 
5 Tyr-Xaai-Glu-His/Asn-Gly-Pro, wherein the Xaai can be either Phe, lie, or Leu. 

Analysis of the X-ray crystal structure indicates that His 109 stabilizes the 
interaction between two helices by acting as a nucleus of a hydrophobic/polar cavity 
bounded by Phel05, Glul08, Ilell3, Tyrl29, Vall33 and Lysl37 (Figure 7). This 
residue probably helps stabilize the structure by keeping the helices in close proximity 
10 and thus helps to maintain the overall fold of the enzyme. An asparagine at position 
109 (H109N variant), maintains full esterase and bioactivity. All of the data discussed 
supports the roles of Ser77 and Asp215 as critical residues in catalysis which is also 
supported by the pH profile and the X-ray crystal structure. In addition, two variants 
at positions 65 and 252 (R65A, K251A/K252A) have also been identified which 
15 exhibited a 5.0-fold increase in esterase activity compared to the wild type enzyme. 
Examining the crystal structure reveals that these residues are predicted to be located 
at the Pat 17 molecular surface. Further analysis can be done to assess their role in 
insect inhibition. Charged to alanine substitutions has previously been used to 
generate variants with increased specificity for substrates. 
20 A model depicting the roles of Ser77 and Asp215 in catalysis is illustrated in 

Figure 8. This model illustrates that Ser77 can serve as the nucleophile that attacks 
the carbonyl carbon of the scissile peptide bond with Asp215 serving as the base. 
This is supported by X-ray crystal studies which indicate that Ser77 and Asp215 lie 
within hydrogen bonding distance from each other and they make up the elements of 
25 the active site (Figure 6a,b). 

The model depicted herein suggests that patatin uses a Ser-Asp dyad rather 
than the standard Ser-His-Asp triad found in proteases, lipases and esterases. 
Recently, a phospholipase A 2 has been identified that has a similar Ser-Asp dyad in 
the active site. The results herein suggest that patatin is a member of a new family of 
30 lipid acyl hydrolases that employ Ser-Asp dyad in catalysis. Recently, other novel 
serine proteases have been discovered that use hydroxyye-amine or hydroxyl/ct-amine 
catalytic dyads to perfom catalysis. The identification of a new class of lipid acyl 
hydrolases that utilize Ser-Asp catalytic dyads, depicted by patatin and phospholipase 
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A 2 , suggest that other variations in the classical catalytic triad theme in addition to the 
Ser/Lys catalytic dyads exist, and further structure/function studies of these enzymes 
would lead to a better understanding of these proteins. 

5 Example 6 

This example illustrates the construction and analysis of permuteins of patatin 
and patatin homologues. Nucleic acid sequences encoding permutein proteins having 
rearranged N-terminus/C-terminus protein sequences can be made by following the 
general method described by Mullins et al. (/. Am. Chem. Soc. 1 16: 5529-5533, 1994). 
10 The steps are shown in Figure 10, and this example involves the design and use of a 
linker region separating the original C-terminus and N-terminus, but the use of a 
linker is not a critical or required element of permutein design. 

Two sets of oligonucleotide primers are used in the construction of a nucleic 
acid sequence encoding a permutein protein. In the first step, oligonucleotide primers 

15 "new N-termini" and "linker start" are used in a PCR reaction to create amplified 
nucleic acid molecule "new N-termini fragment" that contains the nucleic acid 
sequence encoding the new N-terminal portion of the permutein protein, followed by 
the polypeptide linker that connects the Oterminal and N-terminal ends of the original 
protein. In the second step, oligonucleotide primers "new C-termini" and "linker end" 

20 are used in a PCR reaction to create amplified nucleic acid molecule "new C-termini 
fragment" that contains the nucleic acid sequence encoding the same linker as used 
above, followed by the new C-termini portion of the permutein protein. The "new N- 
termini" and "new C-termini" oligonucleotide primers are designed to include 
appropriate restriction enzyme recognition sites which assist in the cloning of the 

25 nucleic acid sequence encoding the permutein protein into plasmids. 

Any suitable PCR conditions and polymerase can be used. It is desirable to 
use a thermostable DNA polymerase with high fidelity to reduce or eliminate the 
introduction of sequence errors. Typical PCR conditions are 25 cycles 94°C 
denaturation for 1 minute, 45°C annealing for one minute and 72°C extension for 2 

30 minutes; plus one cycle 72°C extension for 10 minutes. A 50 \xL reaction contains 30 
pmol of each primer and 1 ^ig of template DNA; and 1 X PCR buffer with MgCl 2 , 200 
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HM dGTP, 200 uM dATP, 200 uM dTTP, 200 uM dCTP, 2.5 units of Pwo DNA 
polymerase. PCR reactions are performed in RoboCycler Gradient 96 Temperature 
Cycler (Stratagene, La Jolla, CA). 

The amplified "new N-termini fragment" and "new C-termini fragment" are 

5 annealed to form a template in a third PCR reaction to amplify the full-length nucleic 
acid sequence encoding the permutein protein. The DNA fragments "new N-termini 
fragment" and "new C-termini fragment" are resolved on a 1% TAE gel, stained with 
ethidium bromide, and isolated using the QIAquick Gel Extraction Kit (Qiagen, 
Valencia, CA). These fragments are combined in equimolar quantities with 

10 oligonucleotide primers "new N-termini" and "new C-termini" in the third PCR 
reaction. The conditions for the PCR are the same as used previously. PCR reaction 
products can be purified using the QIAquick PCR purification kit (Qiagen, Valencia, 
CA). 

Alternatively, a linker sequence can be designed containing a restriction site, 
15 allowing direct ligation of the two amplified PCR products. 

Construction of plasmid pMON 37402 

The patatin protein contains a trypsin protease sensitive site at the arginine 
amino acid at position 246, as determined by electrophoresis of a trypsin digest 
reaction. In order to determine if the exposed protease site is an antigenic epitope, a 

20 permutein was constructed using positions 246-247 as a breakpoint. 

The nucleic acid sequence encoding the permutein protein in plasmid pMON 
37402 was created using the method illustrated in Figure 10 and described herein. 
Nucleic acid molecule "new N-termini fragment" was created and amplified from the 
sequence encoding patatin in plasmid pMON26820 using oligonucleotide primers 27 

25 (SEQ ID NO-.242 SEQ ID NO:43) and 48 (SEQ ID NO:243 SEQ ID NO:44). Nucleic 
acid molecule "new C-termini fragment" was created and amplified from the sequence 
encoding patatin in plasmid pMON26820 using oligonucleotide primers 47 (SEQ ID 
NO:244 SEQ ID NO:45) and 36 (SEQ ID NO:245 SEQ ID NO:46). The full-length 
nucleic acid molecule encoding the permutein protein was created and amplified from 

30 annealed fragments "new N-termini fragment" and "new C-termini fragment" using 
oligonucleotide primers 27 (SEQ ID NO:242 SEQ ID NO:43) and 36 (SEQ ID 
NO-.245 SEQ ID NO:46). 
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The resulting amplified nucleic acid molecule was digested with restriction 
endonucleases Xhol and EcoRI, and purified using the QIAquick PCR purification kit 
(Qiagen, Valencia, CA). Plasmid pMON 26869 (derivative of P P1C9, Invitrogen, 
Carlsbad, CA) was digested with restriction endonucleases Xhol and EcoRI, and gel 
purified, resulting in an approximately 2900 base pair vector fragment. The purified 
restriction fragments were combined and ligated using T4 DNA ligase. 

The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transforms bacteria were selected on 
ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 
the presence of the correct insert. The resulting plasmid was designated pMON 37402 
(containing SEQ ID NO:20, encoding protein sequence SEQ ID NO:21). 

rnngfmction of plasmid pMON 37405 

Amino acids 201-202, near tyrosine 193, were chosen as a breakpoint for the 

construction of a permutein protein. 

The nucleic acid sequence encoding the permutein protein in plasmid pMON 
37405 was created using the method illustrated in Figure 10 and described herein. 
Nucleic acid molecule "New N-termini fragment" was created and amplified from the 
sequence encoding patatin in plasmid P MON26820 using oligonucleotide primers 48 
(SEQ ID NO:44) and 58 (SEQ ID NO:47). Nucleic acid molecule "New C-termim 
fragment" was created and amplified from the sequence encoding patatin in plasmid 
pMON26820 using oligonucleotide primers 47 (SEQ ID NO:45) and 59 (SEQ ID 
NO:47). The full-length nucleic acid molecule encoding the permutein protein was 
created and amplified from annealed fragments "New N-termini fragment" and "New 
C-termini fragment" using oligonucleotide primers 58 (SEQ ID NO:48) and 59 (SEQ 
ID NO:47). 

The resulting amplified nucleic acid molecule was digested with restriction 
endonucleases Xhol and EcoRI, and purified using the QIAquick PCR purification kit 
(Qiagen, Valencia, CA). Plasmid pMON 26869 (derivative of P PIC9, Invitrogen, 
Carlsbad, CA) was digested with restriction endonucleases Xhol and EcoRI, and gel 
a purified, resulting in an approximately 2900 base pair vector fragment. The purified 
restriction fragments were combined and ligated using T4 DNA ligase. 



-51- 



The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 
the presence of the correct insert. The resulting plasmid was designated pMON 37405 
5 (containing SEQ ID NO:22, encoding protein sequence SEQ ID NO:23). 

Construction of plasmid pMON 37406 

Amino acids 183-184, adjacent to tyrosine 185, were chosen as a breakpoint 
for the construction of a permutein protein. 

The nucleic acid sequence encoding the permutein protein in plasmid pMON 

10 37406 was created using the method illustrated in Figure 10 and described herein. 
Nucleic acid molecule "New N-termini fragment" was created and amplified from the 
sequence encoding patatin in plasmid pMON26820 using oligonucleotide primers 48 
(SEQ ID NO:44) and 60 (SEQ ID NO:49). Nucleic acid molecule "New C-termini 
fragment" was created and amplified from the sequence encoding patatin in plasmid 

15 pMON26820 using oligonucleotide primers 47 (SEQ ID NO:45) and 61 (SEQ ID 
NO:50). The full-length nucleic acid molecule encoding the permutein protein was 
created and amplified from annealed fragments "New N-termini fragment" and "New 
C-termini fragment" using oligonucleotide primers 60 (SEQ ID NO:49) and 61 (SEQ 
ID NO:50). 

20 The resulting amplified nucleic acid molecule was digested with restriction 

endonucleases Xhol and EcoRI, and purified using the QIAquick PCR purification kit 
(Qiagen, Valencia, CA). Plasmid pMON 26869 (derivative of pPIC9, Invitrogen, 
Carlsbad, CA) was digested with restriction endonucleases Xhol and EcoRI, and gel 
purified, resulting in an approximately 2900 base pair vector fragment. The purified 

25 restriction fragments were combined and ligated using T4 DNA ligase. 

The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 
the presence of the correct insert. The resulting plasmid was designated pMON37406 

30 (containing SEQ ID NO:24, encoding protein sequence SEQ ID NO:25). 
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Construction of plasmid pMON 37407 

Amino acids 268-269, adjacent to tyrosine 270, were chosen as a breakpoint 
for the construction of a permutein protein. 

The nucleic acid sequence encoding the permutein protein in plasmid pMON 
5 37407 was created using the method illustrated in Figure 10 and described herein. 
Nucleic acid molecule "New N-termini fragment" was created and amplified from the 
sequence encoding patatin in plasmid pMON26820 using oligonucleotide primers 48 
(SEQ ID NO:44) and 62 (SEQ ID NO:51). Nucleic acid molecule "New C-termini 
fragment" was created and amplified from the sequence encoding patatin in plasmid 
10 pMON26820 using oligonucleotide primers 47 (SEQ ID NO:45) and 63 (SEQ ID 
NO:52). The full-length nucleic acid molecule encoding the permutein protein was 
created and amplified from annealed fragments "New N-termini fragment" and "New 
C-termini fragment" using oligonucleotide primers 62 (SEQ ID NO:51) and 63 (SEQ 
ID NO:52). 

15 The resulting amplified nucleic acid molecule was digested with restriction 

endonucleases Xhol and EcoRI, and purified using the QIAquick PCR purification kit 
(Qiagen, Valencia, CA). Plasmid pMON 26869 (derivative of pPIC9, Invitrogen, 
Carlsbad, CA) was digested with restriction endonucleases Xhol and EcoRI, and gel 
purified, resulting in an approximately 2900 base pair vector fragment. The purified 

20 restriction fragments were combined and ligated using T4 DNA ligase. 

The ligation reaction mixture was used to transform E. coli strain DH5ot cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 
the presence of the correct insert. The resulting plasmid was designated pMON37407 

25 (containing SEQ ID NO:26, encoding protein sequence SEQ ID NO:27). 

Construction of plasmid pMON 37408 

Amino acids 321-322, near tyrosine 216, were chosen as a breakpoint for the 
construction of a permutein protein. 

The nucleic acid sequence encoding the permutein protein in plasmid pMON 
30 37408 was created using the method illustrated in Figure 10 and described herein. 
Nucleic acid molecule "New N-termini fragment" was created and amplified from the 
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sequence encoding patatin in plasmid pMON26820 using oligonucleotide primers 48 
(SEQ ID NO:44) and 64 (SEQ ID NO:53). Nucleic acid molecule "New C-termini 
fragment" was created and amplified from the sequence encoding patatin in plasmid 
pMON26820 using oligonucleotide primers 47 (SEQ ID NO:45) and 65 (SEQ ID 
NO:54). The full-length nucleic acid molecule encoding the permutein protein was 
created and amplified from annealed fragments "New N-termini fragment" and "New 
C-termini fragment" using oligonucleotide primers 64 (SEQ ID NO:53) and 65 (SEQ 
ID NO:54). 

The resulting amplified nucleic acid molecule was digested with restriction 
endonucleases Xhol and EcoRI, and purified using the QIAquick PCR purification kit 
(Qiagen, Valencia, CA). Plasmid pMON 26869 (derivative of pPIC9, Invitrogen, 
Carlsbad, CA) was digested with restriction endonucleases Xhol and EcoRI, and gel 
purified, resulting in an approximately 2900 base pair vector fragment. The purified 
restriction fragments were combined and ligated using T4 DNA ligase. 

The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 
the presence of the correct insert. The resulting plasmid was designated pMON37408 
(containing SEQ ID NO:28, encoding protein sequence SEQ ID NO:29). 

20 Production of permutein proteins in Pichia pastoris 

Plasmids pMON37402, pMON37405, pMON37406, pMON37407, and 
pMON37408 were individually used to electroporate KM71 cells from Pichia pastoris 
according to the procedure supplied by the manufacturer (Invitrogen, Carlsbad, CA). 
The resulting transformed cells were used to produce protein in Pichia pastoris 

25 following the procedure supplied by the manufacturer (Invitrogen, Carlsbad, CA). 

The concentration of patatin in the culture was determined using a patatin 
ELISA assay and the enzyme activity was measured using the method of Hofgen and 
Willmitzer (Plant Science, 66: 221-230, 1990). The variants containing multiple 
mutations were further purified using Mono Q and hydrophobic interaction 

30 chromatography (HIC). Each culture was purified by first sizing on YM10 
membranes (Amicon, MA) to a [>10 kDa] fraction, followed by chromatography on 
the Mono Q HR 10/10 column (Pharmacia, NJ). For chromatography on the Mono Q 
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column, the samples were loaded on the column in 25 mM Tris pH 7.5 and eluted 
with a gradient of 1.0 M KC1 in 25 mM Tris pH 7.5. Fractions containing patatin 
protein were determined using SDS-PAGE. For chromatography on the HIC column, 
the appropriate fractions were pooled and dialyzed into 1 M ammonium sulfate in 25 
mM Tris pH 7.5. The dialyzed sample was then loaded on 16/10 phenyl Sepharose 
column (Pharmacia, NJ) and eluted with a gradient of 25 mM Tris pH7.5. 

The protein concentration was determined using the Bradford method, using 
BSA as a standard. SDS-PAGE analysis showed that these proteins were essentially 
pure. The esterase activity of the variants are shown in Table 3. 



Table 3: Activity of permuteins 



enzyme 


Breakpoint 


Activity (AOD min 'ug* 1 ) 


Native SEQ ID NO:l 




83.21 \ 


pMON37402 SEQ ID NO:21 


I 246/247 


66.7 


pMON37405 SEQ ID NO:23 


201/202 


No expression 


pMON37406 SEQ ID NO:25 


183/184 


No expression 


pMON37407 SEQ ID NO:27 


268/269 


12.1 


pMON37408 SEQ ID NO:29 


321/322 


No expression || 



The activity was determined using p-nitrophenyl caprate substrate as described 
by Hofgen and Willmitzer (Plant Science, 66: 221-230, 1990). 



Insect bioefficacv assays 

Assays for activity against larvae of SCRW are carried out by overlaying the 
test sample on an agar diet similar to that described by Marrone (/. Econ. Entom. 78: 
290-293, 1985). Test samples were prepared in 25 mM Tris, pH 7.5 buffer. Neonate 
larvae are allowed to feed on the treated diet at 26°C, and mortality and growth 
stunting were evaluated after 5 or 6 days. The results of this assay are shown in Table 
4. 
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Table 4: Insect bioefficacy assay 



Protein (200 ppm) 


Mean Survival Weight 


% Weight Reduction 


Tris buffer (control) 


1.26 + 0.3 




| Wild Type 


0.21 ±0.02 


83 


pMON37402 


0.21 ±0.03 


83 J 


pMON37407 


0.32 ± 0.04 


75 



These data demonstrate that the growth of the SCRW larvae is similarly 
reduced upon ingestion of the proteins encoded by pMON37402 and pMON37407 as 
5 compared to the wild type patatin protein. 

Permutein sequences improved for monocot expression 

Modification of coding sequences has been demonstrated above to improve 
expression of insecticidal proteins. A modified coding sequence was thus designed to 
improve expression in plants, especially corn (SEQ ID NO:31). 

10 Construction of pMON40701 for monocot expression 

Plasmid pMON 19767 was digested with restriction endonucleases Ncol and 
EcoRI and the 1100 bp gene fragment was purified using the QIAquick PCR 
purification kit (Qiagen, Valencia, CA). Plasmid pMON33719 was digested with 
restriction endonucleases Ncol and EcoRI, and gel purified, resulting in an 

15 approximately 3900 base pair vector fragment. The two purified restriction fragments 
were combined and ligated using T4 DNA ligase. 

The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 

20 the presence of the correct insert. The resulting plasmid was designated pMON40700. 
Plasmid pMON40700 was digested with restriction endonuclease NotI and the 
resulting 2200 bp DNA fragment was purified using the QIAquick PCR purification 
kit (Qiagen, Valencia, CA). Plasmid pMON30460 was digested with restriction 
endonuclease NotI, and gel purified, resulting in an approximately 4200 base pair 

25 vector fragment. The two purified restriction fragments were combined and ligated 
using T4 DNA ligase. 
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The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
kanamycin-containing plates. The resulting plasmid was designated pMON40701 
(containing SEQ ID NO:30, encoding protein sequence SEQ ID NO:31). 

5 Construction of pMON40703 for monocot expression 

The nucleic acid sequence encoding the permutein protein in plasmid 
pMON40703 was created using the method illustrated in Figure 10 and described 
herein. Nucleic acid molecule "New N-termini fragment" was created and amplified 
from the sequence encoding patatin in plasmid pMON 19767 using oligonucleotide 

10 primers Synl (SEQ ID NO:55) and Syn2 (SEQ ID NO:56). Nucleic acid molecule 
"New C-termini fragment" was created and amplified from the sequence encoding 
patatin in plasmid pMON 19767 using oligonucleotide primers Syn3 (SEQ ID NO:57) 
and Syn4 (SEQ ID NO:58). The full-length nucleic acid molecule encoding the 
permutein protein was created and amplified from annealed fragments "New N- 

15 termini fragment" and "New C-termini fragment" using oligonucleotide primers Synl 
(SEQ ID NO:55) and Syn4 (SEQ ID NO:58). 

The resulting amplified nucleic acid molecule was digested with restriction 
endonucleases Ncol and EcoRI, and purified using the QIAquick PCR purification kit 
(Qiagen, Valencia, CA). Plasmid pMON33719 was digested with restriction 

20 endonucleases Ncol and EcoRI, and gel purified, resulting in an approximately 3900 
base pair vector fragment. The purified restriction fragments were combined and 
ligated using T4 DNA ligase. 

The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 

25 ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 
the presence of the correct insert. The resulting plasmid was designated pMON40702. 
Plasmid pMON40702 was digested with NotI, and the resulting 2200 bp DNA 
fragment was purified using the QIAquick PCR purification kit (Qiagen, Valencia, 
CA). Plasmid pMON30460 was digested with restriction endonuclease NotI, and gel 

30 purified, resulting in an approximately 4200 base pair vector fragment. The purified 
restriction fragments were combined and ligated using T4 DNA ligase. 
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The ligation reaction mixture was used to transform E. coli strain DH5a cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
kanamycin-containing plates. The resulting plasmid was designated pMON40703 
(containing SEQ ID NO:32, encoding protein sequence SEQ ID NO:33). Plasmid 
5 pMON40703 encodes a permutein protein with a "breakpoint" at positions 246/247 of 
the wild type patatin protein sequence (SEQ ID NO:38). The first 23 amino acids of 
SEQ ID NO:39 are a signal peptide sequence which is cleaved in the mature protein. 

Construction of pMON40705 for monocot expression 

The nucleic acid sequence encoding the permutein protein in plasmid 

10 pMON40705 was created using the method illustrated in Figure 10 and described 
herein. Nucleic acid molecule "New N-termini fragment" was created and amplified 
from the sequence encoding patatin in plasmid pMON 19767 using oligonucleotide 
primers SynlO (SEQ ID NO:59) and Syn2 (SEQ ID NO:56). Nucleic acid molecule 
"New C-termini fragment" was created and amplified from the sequence encoding 

15 patatin in plasmid pMON 19767 using oligonucleotide primers Syn3 (SEQ ID NO:57) 
and Synll (SEQ ID NO:60). The full-length nucleic acid molecule encoding the 
permutein protein was created and amplified from annealed fragments "New N- 
termini fragment" and "New C-termini fragment" using oligonucleotide primers 
SynlO (SEQ ID NO:59) and Synl 1 (SEQ ID NO:60). 

20 The resulting amplified nucleic acid molecule was digested with restriction 

endonucleases Ncol and EcoRI, and purified using the QIAquick PCR purification kit 
(Qiagen, Valencia, CA). Plasmid pMON33719 was digested with restriction 
endonucleases Ncol and EcoRI, and gel purified, resulting in an approximately 3900 
base pair vector fragment. The purified restriction fragments were combined and 

25 ligated using T4 DNA ligase. 

The ligation reaction mixture was used to transform E. coli strain DH5oc cells 
(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
ampicillin-containing plates. Plasmid DNA was isolated and sequenced to confirm 
the presence of the correct insert. The resulting plasmid was designated pMON40704. 

30 Plasmid pMON40704 was digested with restriction endonuclease NotI, and the 
resulting 2200 bp DNA fragment was purified using the QIAquick PCR purification 
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kit (Qiagen, Valencia, CA). Plasmid pMON30460 was digested with restriction 
endonuclease NotI, and gel purified, resulting in an approximately 4200 base pair 
vector fragment. The purified restriction fragments were combined and ligated using 
T4 DNA ligase. 

5 The ligation reaction mixture was used to transform E. coli strain DH5a cells 

(Life Technologies, Gaithersburg, MD). Transformant bacteria were selected on 
plates containing kanamycin. The resulting plasmid was designated pMON40705 
(containing SEQ ID NO:34, encoding protein sequence SEQ ID NO:35). Plasmid 
pMON40705 encodes a permutein protein with a "breakpoint" at positions 268/269 of 

10 the wild type patatin protein sequence (SEQ ID NO: 39). The first 23 amino acids of 
SEQ ID NO:2 are a signal peptide sequence which is cleaved in the mature protein. 

Transient expression of protein in corn leaf protoplasts 

Plasmids pMON40701, pMON40703, and pMON40705 (all containing the 
native signal sequence for vacuolar targeting) were separately electroporated into corn 
15 leaf protoplasts as described by Sheen {Plant Cell 3: 225-245, 1991). Protein was 
extracted with glass beads and the supernatant was assayed for protein expression 
using ELISA for patatin and NPTII. Expression of protein by the transformed corn 
protoplasts was confirmed by Western blot analysis. Expression results are shown in 
Table 5. 

20 Table 5: ELISA data 



enzyme 


Patatin ELISA 
(Ug/mL) 


NPTII ELISA 
(Hg/mL) 


Normalized Expression 
(Patatin ELISA/NPTII ELISA) 


pMON40701 
SEQIDNO:31 


1.1 


0.6 


1.8 


1 pMON40703 
SEQ ID NO:33 


2.1 


0.3 


7.0 


pMON40705 
SEQ ID NO:35 


1.3 


0.6 


2.2 



The results indicate that the permutein encoded by plasmid pMON40703 surprisingly shows 



approximately 4-fold higher expression compared to the wild type enzyme. 
Example 7 

This example illustrates the positions of critical amino acid residues in patatin 
25 and homologs. 
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Table 6: Positions of Critical Amino Acid Residues in Patatin and Homologs 



Enzyme 


Catalytic Residue 


Other 


Ser 


Asp 


His/Arg j 


! Patl7 


77 


215 


109 


PatFm 


55 


194 


87 


Patlm 


55 


193 


87 


PatL+ 


77 


215 


109 


PatA+ 


77 


215 


109 


PatB+ 


77 


215 


109 


Pentinl 


82 


222 


116 


5C9 


72 


223 


! 104 


Com 3 


72 


223 


104 


Corn 2 


72 


223 


104 


Corn 4 


72 


223 


104 


Corn 1 


108 


260 


140 


Corn 5 


72 


223 


104 



In view of the above, it will be seen that the several advantages of the 
invention are achieved and other advantageous results attained. 

As various changes could be made in the above methods and compositions 
without departing from the scope of the invention, it is intended that all matter 
contained in the above description, and shown in the accompanying drawings, shall be 
interpreted as illustrative and not in a limiting sense. 
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